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Abnormal Motility as the Cause of Ulcer Pain 
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pain was primarily caused by the presence of hydro- 
chloric acid on the surface of the ulcer. 

Present investigations! on the relationship of acid- 
ity and muscular activity to ulcer pain have led to the 
following concept of its etiologic factor: 

*... abnormal motility* is the fundamental mech- 
anism through which ulcer pain is produced. For 
the production and perception of ulcer pain there 
must be, one, a stimulus, HCI or others less well 
understood ; two, an intact motor nerve supply 
to the stomach and duodenum; three, altered 
gastro-duodenal motility; and four, an intact 
sensory pathway to the cerebral cortex.” 

Pro-Banthine® has been demonstrated consistently 
to reduce hypermotility of the stomach and intestinal 
tract and in most instances also to reduce gastric acid- 


ity. Dramatic remissions! in peptic ulcer have followed 
Pro-Banthine therapy. These remissions (or possible 
cures) were established not only on the basis of the 
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xanthene-9-carboxylate methobromide, brand of pro- 
pantheline bromide) has other fields of usefulness, par- 
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Clinical Evaluation of a New Anticholinergic Drug, Pro-Banthine, 
Gastroenterology 25:416 (Nov.) 1953. 


2. Ruffin, J. M.; Baylin, G. J.; Legerton, C. W., Jr., and Texter, E.C., 


Jr.: Mechanism of Pain in Peptic Ulcer, Gastroenterology 23:252 
(Feb.) 1953. 








INTERNAL MEDICINE 


Editorials 


THE DILATED HEART 


HE DILATED heart is one of the major problems in cardiology and 

medicine that receives little consideration in research. Because Starling and 
others showed that force of contraction and work output increase in association 
with lengthening of the fibers of the heart muscle, we are often inclined to forget 
that he also demonstrated that this relationship is limited and that excessive length- 
ening is accompanied by rapidly progressive failure in force of contraction. The 
mechanism by which cardiac dilatation with lengthening of the muscle fibers 
increases work output and strength of contraction is unknown. Surely, recognition 
of the optimal degree of lengthening in the heart of intact man is not achievable 
today, especially with the many variables in disease states. It is possible that the 
relationship of fiber length (or degree of dilatation) to work output in cardiac 
diseases may differ considerably from that in the normal subject and among vari- 
ous clinical states. Separation of the beneficial and deleterious degrees of cardiac 
dilatation by the clinical methods is required for proper evaluation of cardiac 
enlargement in the management of diseases of the heart. 

Those concerned with the care of patients with heart disease are impressed 
by the contrast with which some hearts dilate rapidly, some recede equally rapidly, 
others remain irreversibly dilated, and some function fairly well and for surprisingly 
long periods of time in an extremely dilated state, whereas still others fail com- 
pletely despite therapy. Recognition of these functional differences as soon as or 
before they develop would be of considerable therapeutic and prophylactic value. 
Surely, an irreversibly dilated heart is a trial to both patient and physician. 

The detailed mechanisms of cardiac dilatation also remain unrecognized. In a 
group of patients suffering from apparently similar disease states, some will be 
observed to have greatly dilated hearts and others will not. One patient, for 
example, may sustain an infarct without development of cardiac dilatation, whereas 
another with an apparently similar infarct will rapidly experience irreversible 
dilatation. This difference may be related to the state of the coronary arteries, but 
other clinically recognizable factors would seem to be important. Furthermore, the 
cause of spontaneous dilatation in disease and the determining and controlling 
factors, as well as the influences upon cardiac work efficiency, hemodynamic phe- 
nomena, and drug action, must be known for adequate understanding of the 
problem. 


Submitted for publication Aug. 12, 1955. 
From the Department of Medicine, Tulane University School of Medicine and Charity 
Hospital of Louisiana at New Orleans. 
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It has been shown previously that a dilated heart is much more heavily “loaded” 
than a normal one throughout the course of the cardiac cycle. For example, if the 
left ventricle is assumed to be spherical, then F—PA, where F is force, in dynes, 
supported by the walls of the chamber of the heart concerned; P is blood pressure, 
in dynes per cm.*, of the chamber, and A is the total effective internal surface 
area, in cm.’, of the cardiac chamber.! 

This may be expressed as the force acting longitudinally upon the muscle 
fibers of the wall of the left ventricle by the equation F—Pzr*, where F is the 
force, in dynes, upon the muscle fibers of the cardiac chamber under consideration ; 
P is the blood pressure, in dynes per cm.’ area, of the chamber, and r is the 
radius, in cm., of the chamber.? Obviously, the chambers of the heart are intricately 
shaped, and such mathematic expressions are useful for simplification in thought. 

From these equations, it is evident that the more dilated the cardiac chamber the 
greater the value for A or r and, therefore, the greater the force or load on the 
muscle fibers of the cardiac chamber. Interesting time course curves of variations 
in load have been described * for the normal and dilated heart to show the physio- 
logic hemodynamic disadvantages of cardiac dilatation, especially in the presence 
of arterial hypertension. In fact, it is surprising how well the dilated heart functions 
despite considerable disadvantage in load. 

These hemodynamic problems are concerned with extremely interesting and 
intriguing physiologic principles whose influences on reversibility of dilatation 
and work efficiency are important. As previously pointed out, the dilated heart is 
heavily “loaded” and, as is generally known, a loaded muscle produces work 
from the physiologic point of view, although it may do no work from a physical 
viewpoint. For example, a man standing still and holding a 50 lb. mass of steel 
does no physical work but works hard physiologically, as evidenced by Oz consump- 
tion and heat production, a simple experiment for any skeptic to conduct. If this 
same man were to stand holding this mass of steel for a prolonged period of time, 
he would become exhausted and be unable to work satisfactorily until sufficiently 
rested and recovered, although he would have done no work physically. 

The importance in cardiology of the increased load on the dilated heart and 
the time course of the variations in this load throughout the cardiac cycle in diastolic 
hypertension and arteriosclerosis remains unknown. The dilated heart is loaded at 
considerable disadvantage in comparison with the normal heart. In fact, the previous 
studies ¢ show the normal cardiac size and volume of ejection to be rather ideal. 
Cardiac muscle, when loaded like the skeletal muscles of the man holding the mass 
of steel, may conceivably suffer greatly. If it does not, then the compensatory 
mechanisms require elucidation. 


The therapeutic approach to the dilated heart has been directed primarily at the 
cause of the cardiac disease and complicating states such as congestive heart failure. 
For lack of knowledge, little, if any, attention has been directed to the dilated state 
itself. Surely, bed rest and other measures may be beneficial, particularly if the 
etiology of the heart disease is reversible. In the presence of irreversible cardiac 
dilatation, and even reversible etiologic factors, dilatation is an important factor, 
which seems to respond best to prolonged periods of bed rest with the aim of 
minimizing the demands upon the heart and permitting fulfillment of these demands 
without extra effort. The measures employed for chronic congestive heart failure, 


* References 1 and 2. 
+ References 1 and 2. 
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which include digitalis, may assist in most patients but little, if any, in others. But, 
as a whole, the physician is actually helpless in reducing cardiac size to improve the 
mechanical state of the heart and decrease its load. 

Aneurysmal dilatation of the heart, as a complication of myocardial infarction, 
which increases the load in the presence of reduction in muscle mass to cope with 


the extra load, may possibly be improved by surgical excision. This would, accord 
ing to the principles of previous discussions,t reduce the load on the heart and 
improve it mechanically. This may be, or at least may become, a surgical possibility 
in spite of the poor surgical risk of such patients. Nevertheless, the problem of 
cardiac dilatation deserves attention, surgical and nonsurgical. One of the best single 


therapeutic procedures available at present seems to be prolonged bed rest (many 
months) so as to reduce the demands upon the heart to a level that can be met 
without extra effort. Georce FE. Burcu, M.D., New Orleans. 
t References 1-4. 
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SYMPOSIUM ON ELECTROCARDIOGRAPHY 





AND VECTORCARDIOGRAPHY 





-_ | ee Shibes of Vectorcardiography 


OTTO H. SCHMITT, Ph.D. 
and 
ERNST SIMONSON, M.D., Minneapolis 


IIL UULUUUUUHUN UV 

It is obviously impossible in the limited 
space available to review historically the 
many researches that have led to vector 
electrocardiography, to summarize the nu- 
merous theoretical points of view, and to 
offer a critical evaluation of them, especially 
if even a tentative answer is to be found 
to the question: “Is vector cardiography 
worth while clinically now or will it ever be?” 

Instead of tackling this impossible assign- 
ment, we will limit the main presentation 
to just four topics. Each of these topics 
represents one major controversial area of 
the problem that can be evaluated separately 
in terms of individual experience ; yet, taken 
together, these four topics include most of 
the vexing problems of present-day electro- 
cardiography. Beside a few new numbers 
and theoretical relationships which we have 
to offer, our contribution to this symposium 
is primarily that of separating the variables 
of the problem into packages that are sus- 
ceptible to individual solutions. 

In appraising the present status of vector 
cardiography, it should not be supposed that 
this aspect of electrocardiography is espe- 
cially new. Einthoven’s axes and manifest 


potentials* are clearly formulated on a 


Submitted for publication July 29, 1955. 

University of Minnesota. 

Read in the Symposium on Electrocardiography 
and Vectorcardiography before the Section on 
Experimental Medicine and Therapeutics at the 


104th Annual Meeting of the American Medical 
Association, Atlantic City, June 7, 1955. 
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planar vector basis, and it is known * that 
his group was aware 40 years ago of spatial 
vector implications but did not think it wise 
to introduce this complication into a new 
field already complicated enough. 

This policy was probably wise, for with- 
out the cathode ray tube, which did not 
become generally available until the early 
1930’s, vector presentation is technically dif- 
ficult, although possible, as demonstrated for 
the frontal plane by Mann, in 1920 with 
graphical methods? and later with his 
electromechanical vector oscillograph, in 
1938.° Savjaloff* had already attempted 
spatial vector representation in 1929, but 
cathode ray oscilloscopic vector recordings 
were first obtained nearly simultaneously 
by Schellong and co-workers, in Germany, 
in 1937*° and by Wilson and Johnston in 
1938.° 

More recently, especially 
1950,+ emphasis has shifted to quantitative 
rather than qualitative interpretation of 
heart dipole moments, lead components, etc., 
and the growth of electronic computer and 
presentation meanst has made it not too 
difficult to record two- and three-dimensional 
vector patterns, so that it is now appropriate 
to review this field of interest. 

Since spatial vectorcardiography depends 
upon certain fundamental aspects of electro- 
cardiographic theory, it seems appropriate 
to discuss briefly the generation in the heart 
of the electrical effects that we recognize 
as the source of the electrocardiogram. 


since about 


*Fahr, G.: Personal communication to the 
authors. 
+ References 7-11. 


t References 12-14. 
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We know from microelectrode studies that 
the negative resting potential difference 
across the muscle cell membrane rapidly 
rises to a positive value during excitation. 
Later in the cycle this process is reversed 
and potential difference returns to the origi- 
nal polarity and essentially to the initial 
magnitude. It is becoming unfashionable to 
call this cycle of events depolarization and 
repolarization now that some of the ionic 
mechanisms underlying these phenomena are 
becoming understood, for it is realized that 
the membrane does not break down like a 
short-circuited battery, which then has to be 
repaired, but instead changes actively to a 
second electrically polarized state from which 
it returns first rapidly and then more slowly 
during the so-called repolarization and after- 
potential phases. 

Were the fiber to change state uniformly 
all along its length at one time, there would 
be no electrocardiogram even though a large 
intracellular action potential occurred, and 
it is only because of the progressive excita- 
tion of fibers, and their intrinsic non- 
uniformity, that there is any external poten- 
tial to measure. Because each fiber is nearly 
short-circuited by its neighbors, by surround- 
ing tissues, and by body fluids, it is action 
current rather than action potential which 
is measured by the electrocardiogram. 

Because each fiber can generate external 
current only along its length, and because 
any one fiber is relatively short compared 
with the distance to any external electrode, 
its contribution to the total electrocardiogram 
at any lead is proportional to its action 
current multiplied by the mean effective 
distance between the emerging and returning 
portions of the current, and these, by Kirch- 
hoff’s first law, must be exactly equal. We 
cannot distinguish between the current 
strength and length of current path in the 
fiber, and so these two are lumped into a 
single product, called the current dipole 
moment, which is what we ultimately meas- 
ure in any external electrocardiogram. Be- 
cause the dipole moment always parallels 
the physiological activity, directional signifi- 
cance is given to the electrocardiogram. 


The current dipole moment has full vec- 
torial properties and can be summed by 
ordinary vector rules for any closely adjacent 
fibers, but for separated dipole sources this 
can only be done with the aid of special 


modifying unit vectors. 

We see then that no ECG system, whether 
scalar, vector, or spatial vector, can do more 
than report the value and orientation of 
uncancelled dipole current moment in each 
region of the heart, instant by instant during 
successive beats. Consequently, it is from 
these data that all valid clinical ECG meas- 
urements must develop. 

This much is well-confirmed 
theory. We now come to the first con- 
troversial detail can the 
contributions from various portions of the 


physical 


issue: in what 
heart be distinguished and measured elec- 
trically, and to what extent must we be 
content with a mixed and unequal rep- 
resentation of various heart regions? 

On this issue there is sharp difference of 
opinion. Some hold that current sources can 
be quite accurately localized and measured. 
The extreme of this view is the so-called 
“unipolar electrocardiography,” '° which as- 
sumes that any electrode position records 
primarily the events in that part of the heart 
closest to the electrode. There is ample evi- 
dence that this view in its simplest form is 
not tenable. 

Some have maintained § that the entire 
heart must for practical purposes be regarded 
as a lumped inseparable generating unit 
which behaves nearly like one great dipole, 
relatively little dependent upon lead arrange- 
ment used for measurement. We can offer 
new evidence || which suggests that detailed 
localization is impractical but that, on the 
other hand, vectorial lead systems now in 
common use discriminate by a factor of typi- 
cally 2:1 between some regions within the 
heart. 

There is also evidence that moderately 
elaborate leads can be specified that will ex- 
hibit much less variation in regional sensi- 


§ References 16-19. 
|| References 20 and 21. 
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tivity than this and that the present limit on 
specification of such leads is set by our 
knowledge of correction constants for body 
shape and tissue inhomogeneity. 

In order to establish this point, let us 
introduce a simple vectorial concept which 
has great value in describing how action cur- 
rent generated in various portions of the 
heart will find itself represented in typical 
electrocardiographic leads. We define a vec- 
torial quantity, Zy, which we call transfer 
impedance, as the ratio between scalar po- 
tential measured in a lead and the vectorial 
current dipole moment giving rise to this 
potential.4 From simple mathematical con- 
siderations it follows that this operator is a 
vector point function which can be evaluated 
experimentally for any lead and for any spe- 
cified lead has a fixed value for each place 
in the heart. Furthermore, by plotting it to 
scale in three dimensions we get a picture 
which gives us an immediate quantitative 
idea of how localized a particular lead is and 
how badly it skews the representation. 

It is not necessary for our present purpose 
to develop this concept elaborately: it is 
sufficient to illustrate how the quantity is 
measured by using a torso model ** and to 
show how a few familiar leads compare in 
relative strength, variability, and angular 
skewness. 

Figure 1 shows a plastic torso model 
shaped over the body of one of our subjects. 
It is filled with saline of known concentra- 
tion, and in it is immersed a cubic dipole 
source, shown beside it, which can be elec- 
trically excited so as to generate dipole cur- 
rent moment in any chosen direction, hori- 
zontal, vertical, or sagittal or, indeed, in a 
combination of these directions. Above the 
model is a servomotor-driven scanning de- 
vice which allows the dipole to explore the 
heart region of the torso very precisely in 
three dimensions while measurements of 
potential are made at chosen limb, precordial, 


{ References 22 and 23. 

# The quantity Zr can be shown by one of the 
reciprocity theorems to be fundamentally related 
to the “lead field” constants of McFee and Johns- 
ton.§ 
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or other leads. From the components thus 
measured, the transfer impedance can be 
plotted for any desired generating center in 
the heart. 

We conventionally plot the transfer im- 
pedance for nine points in the heart region; 
at the heart center and at the corners of a 
cube of 8 cu. in. volume surrounding this 
center. These points give a representative 
sampling of the anatomical space occupied by 
the heart. Figure 2 shows stereoscopic photo- 
graphs of such models for the standard 
I, II, III limb leads, for the standard central 
terminal referred limb leads aV,, aVpr, aVr, 
and for the precordial leads V, to Vg. It will 
be seen at once that the limb leads, whether 
taken in the bipolar fashion or referred to the 
Wilson central terminal, are somewhat vari- 
able in direction and strength but do lie 
nearly in the frontal plane, so that sagittal 
potential components are essentially excluded. 
The precordial potentials, on the other hand, 
do sample sagittal components but are highly 
variable and skewed in representation and 
do not lie in intuitively obvious directions. 

In each case the model is viewed essen- 
tially from in front so that the upper vectors 
represent higher regions in the heart, those 
to the right of the photographs are in the left 
heart, and those seen behind are in the dorsal 
heart regions, etc. Consider, for example, the 
large vector in the group of precordial leads 
marked with a white dot. This large vector 
shows that Lead V, records with great sensi- 
tivity the horizontal plane activity in the 
lower left frontal regions of the heart and is 
about equally sensitive to lateral and sagittal 
components in this plane. It has a slight 
upward tilt and so is not completely insensi- 
tive to vertical activity. It is, of course, com- 
pletely insensitive to currents generated in 
any direction perpendicular to this vector. In 
contrast, Lead V4 responds only about 40% 
as strongly to current generated in the upper 
right dorsal heart region with direction sub- 
stantially unaltered, while in the upper left 
dorsal heart and the lower right front re- 
gions it has about half as strong a response 
but has, respectively, a 35-degree downward 
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Fig. 1.—Plastic torso model with triple dipole source and servomotor-driven three-dimensional 


scanning system. 


and a 32-degree upward tilt. Thus we see 


that each precordial lead is a mixed direc- 


tional representation of various regions of 
the heart, each region being represented to 
a variable scale with a significant but not 
predominating bias in favor of the frontal 


regions. Similar interpretation could be made 
of each other lead. 

The properties of the commonest conven- 
Table 1, 
where the first column indicates the relative 


tional leads are summarized in 


‘ 


‘strength” of a lead, that is to say, the mean 


77 

















‘PaploAe oq }SNUWI IUIY PUB PISIOAII SIXe [e}IdeS YIM ISeUIT O919}S 
opnasd e& ul }Nsor [JIM Burmata pada ssoiy ‘1vadde yoIyM sadewit 19jNO OM} 9Y} SBuIpsesoisip apryMuevsw ‘padsgiyoe aq ued Sursnooy [Wun 
A[Mo]S ABME Wy} SurAow usy} ‘asewt pasinjq ajsuis e OUI asny soinjdid ay} [HUN sada 9Y} 0} ISO] Way} Sursutsq Aq spre [eoydo ynoyyM 
uses 3q d0139eId 97331] B YUM ABW yng Japear dew 0919}s YISUI] [edIOJ ‘UI C PJepuL}s Be Aq PaMOdIA jsaq JIe SydeIZOjOYd IIdodsOaIa}s BY 

‘peafqns a4} JO JUOIJ UI WIOIJ PIMOIA SI JapOUT 94} VSed 
yoesd uy ‘ainjoId yded ynoYySno1y} sures ay} SI YTYM ‘Burpod 10j09 3194} Aq pue ‘UOT}DIIIP pajyoadxa A][eOTa1094} ay} SayeuIxoIdde YoIyM 
‘UOT}IOIIP [e1IUIT 194} WOIT paytjuap!l oq URD pea] Je[NIVIed & JO S10}IIA “PBI EY} Ul PapsOdaI aq 0} paj}etaUTsS aq }snuI JUaIIND YOIYM Ul 
UOIJIIIIP 9Y} SdJBIIPUl UOT}DIIIIP IsSOYM PUL UOIZII ey} UL APIA O} pea] IY} JO APAISUIS 94} SdINSPaU YYSUaT ssOYM Jeq & YIM AT][eIIO}IVA 
po}jo]d st pea] ydeo J0y 47 Jo anyea ay} yulod YyoRa YY ‘spRa] [eIpsodaid pue qu] [BUOTJUBAUOD 94} JO Yea O} Painsvau si ‘U7 ‘aouepadut 
Jojsuel} ‘(a8pa ue UO “UI Z VqNd B JO SIVUIOD PUP J9}U99 94} JB) UOIBaI JAvIY JEUIIOU Jy} UIYIM sjuIod VAe}UsSeIdaI DUTU JO Yea JY ‘S}UsU 
-3INSPSU BdULPIdUIT JajsUeI} WOIJ Pr}oNI}SUOdII Se UOISII JABIY JY} UIYJIM SpeIl HD [euUOTUIaAUOD JO UOT}eIIP pue YysUueISG—'Z ‘31 





4A° MAP AAO Sp Sp Bp Eq Sp ln 
Spode) qui s0jodiup SpO08] |01Ips0vedg 











VECTORCARDIOGRAPHY 


resultant vector magnitude of its transfer 
impedance, which measures how large a 
voltage is recorded per unit of physiological 
dipole current. Alongside it is the percentage 
standard deviation of each lead, which meas- 
ures, on the average, how greatly the posi- 
tion of source in the heart affects its repre- 
sentation. As the deviations are often large, 
the standard deviation is measured on a root 
mean square basis. In the next two columns 
are measures of the mean angular direction 
which each lead actually records in terms of 
a torso model, ¢ being the azimuthal angle 
measured from in front around to the left 
and going from 0 to 360 degrees; 6 is the 


Strength %S8S.D. 
1,08 20.4 
1.16 12.3 
1.44 14.2 


1.16 18.8 
0.86 14.8 
1.17 11.5 


1.19 46.0 
1.40 47.2 
1.42 52.6 
1.21 48.4 
1.09 42.8 
0.91 27.9 


elevational angle measured between +90 and 
—90 degrees, +90 degrees being straight 
up ; —90 degrees, down, and 0 being the hori- 
zontal plane. Theoretical ideal values for each 
angle are shown beside the experimentally 
determined values, for convenient reference. 
The entry for Lead V3 as ¢=34.2 degrees, 
6—9.5 degrees means, for example, that a 
V; lead, on the average, measures a compo- 
nent directed 34.2 degrees to the left and 
9.5 degrees above the horizontal. 


In general, there is a substantial varia- 
bility in the directional representation of a 
particular lead within the heart volume, and 
consequently angular standard deviations in 
degrees are tabulated in the remaining 
columns. These deviations in the case of the 
precordial leads are calculated only from 
the experimentally determined mean angular 


directions, but in the case of the other leads, 
which have directions assigned to them by 
conventional theory, the standard deviations 
from these ideal directions have been calcu- 
lated as well. 

From this Table it is now possible to 
decide whether the conventional leads form 
either a reasonably uniform representation 
of the whole heart activity in which one can 
neglect amplitude variability and skewness 
or whether they can be considered reason- 
ably localized leads by virtue of their sub- 
stantial variation in representation of various 
heart regions. One must certainly discard 
the notion, however, that a particular pre- 


on Electrocardiographic Leads 


Angular S. D., 
Degrees 


ee Ee 
Mean @, From From 
Degrees Mean Ideal 


14.8 (0) 10.3 20.1 
—63.0 (—60) 68 76 
—67.5 (—60) 7.9 14.1 


Mean @¢, 
Degrees 
98.3 (90) 
89.5 (90) 
272.2 (270) 
91.4 (90) 47.7 (30) 22.3 
270.3 (270) 25.9 (30) 11.5 

2.7 -84.1 (—90) 9.1 
22.2 


22.3 


334.0 
12.0 
34.2 
45.0 
67.7 


95.6 


cordial lead samples the activity just under 
it in any simple understandable manner. 


A word of caution regarding model work 
in general should be added. There has been 
a good deal of work done on flat models 
of conductive paper, saline, or plastic where 
the section was made in outline to resemble 
some slice through the heart and currents 
were introduced at the desired generating 
loci. There is a general electrical relationship 
which makes potential distribution in such 
slices vary with a grossly different inverse 
distance characteristic than it would in the 
same slice of conductor were it to form a 
portion of a three-dimensional body. In the 
limiting case of a very thin slice of a sphere 
with a small source, the laws become inverse 
square for the sphere and inverse linear for 
the sheet. 
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Let us now consider the second main topic, 
which concerns the degree to which more 
elaborate lead systems now in use for spatial 
vectorcardiography can and do orthogonalize 
and normalize the transfer impedance so 
that potential at a so-called horizontal lead 
does really measure mainly horizontal action 
current with some precision, wherever it 
may be generated in the heart, and the 
vertical and sagittal leads similarly separate 
out their appropriate parts. 

Leads for this purpose in widespread use 
at the present time derive mostly from the 
so-called cube * and tetrahedron + systems. 
They differ mainly in the particular edges 


TABLE 2.—Reiative Transfer Impedance of Orthog 


Lead Strength %8.D 


Duchosal-Sulzer 
0.81 40.7 
22.6 


44.3 


20.3 
17.4 
0.60 39.0 


of the cube which are utilized or on whether 
the tetrahedron is pointed forward or back- 
ward. 

Vector models of two of these systems 
typifying the cube arrangement used by 
Duchosal-Sulzer, Grishman, and others and 
the tetrahedron arrangements of the Wilson- 
3urch-Briller type are shown in the stereo- 
scopic photographs of Figure 3 along with 
an ideal orthogonal model for comparison. 
The nine points from which vectors originate 
again represent the heart center and the 
points at the corners of an 8 cu. in. cube sur- 


* References 25 and 26. 


+ References 6 and 27. 


rounding it. The three vectors at each point 
represent the strength and direction of a 
transfer impedance from that point into a 
supposedly orthogonal lead. If, for example, 
the horizontal vector component in one heart 
region is exaggeratedly large and is directed 
forward and down instead of directly to the 
subject’s left, this indicates that current 
originating in this direction will be more 
strongly recorded in the supposedly hori- 
zontal lead than will a truly horizontal 
component; it will be unduly emphasized 
and will still be displayed horizontally. 
Data for these cube and tetrahedron sys- 


tems are summarized in Table 2. Both 


mal Lead Systems 


Angular 8S. D., 
Degrees 
a eae 
From 
Ideal 


From 
Mean 


Mean 6, 
Degrees 


Mean ¢, 
Degrees 


113.4 (90) 11.0 (0) 19.2 30.6 
34.5 76.5 (90) 12.1 17.5 
354.8 (0) —16.3 (0) 19.5 25.8 


(90) (0) 
(90) 
(0) (0) 


(90) 4.2 (0) 
86.4 (90) 
(0) - 8.5 (0) 


3.6 (0) 
86.4 (90) 
1.0 (0) 


90.1 (90) 
216.8 
359.9 


systems are recognizably orthogonal but are 
subject to substantial variation and skewness, 


Table 2 and 
and 


It should be noted that 
Figure 3 are for unnormalized data 
that consequently the general foreshortening 
of the sagittal leads in the Wilson-Burch 
case, for example, could be eliminated on 
the average by choice of different amplifier 
constants in appropriate channels. As such 
scale changes do not influence the direction 
and relative magnitude of individual vector 
components, normalization has no effect 
on these tabulated quantities and does not 
change the direction but only the magnitude 
of component vectors on the vector models. 
Actually, it is the magnitude of transfer 
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impedance before normalization which de- 
termines the true strength of a lead and 
consequently its immunity to muscle tremor 
and other interference. Normalized values 
should, therefore, never be used for this 
purpose. 


From the data thus far presented it seems 
to us that unless at least a first-order correc- 
tion is made for the inevitable variation of 
transfer impedance across the heart no lead 
system can be expected to be very uniform. 
This is confirmed by direct measurement 
of the appropriate partial derivatives with 
use of the model method *° (Fig. 4). 

In this work attention is focused upon 
one supposedly orthogonal component of 
transfer impedance at a time while the 
source dipole is scanned through the heart 
region in one direction after another and the 
strength of response to desired and undesired 
components of heart activity charted. No 
simple lead is ever found to be really con- 
stant in its strength, but, more important, 
almost every simple lead tested has some 
substantial contamination with undesired 
components. Only by finding appropriate 
lead combinations which will systematically 
pit one undesirable contamination against 
another and will compensate decreasing 
strength in one lead with rising strength in 
another can we hope for really good orthog- 
onal leads. 


The number of lead components which 
must be combined to get a really good 
orthogonal lead depends upon the sharpness 
of curvature of the partial derivatives and 
the final excellence required, but, at least 
for the homogeneous model, theory indicates 
that remarkably good orthogonal leads are 
feasible, and we are at present trying to 
work out the best orthogonal leads which 
can be made consistent with reasonable 
simplicity. 

In an older work on stereovectorelectro- 
cardiography (SVEC) from 1950-1954 t we 
used a set of leads requiring six electrodes 
plus a ground, and we later found this 
system to have the performance listed as 


t References 28 and 29. 
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SVEC II in Table 2 and shown photographi- 
cally in Figure 5. 

More recently, we have tried to improve 
this system on the basis of further model 
measurements. The result is that listed under 
SVEC III. These data and the models for 
SVEC II and III show clearly that good 
orthogonality and uniformity, at least on 
the basis of an homogeneous model, can be 
had through partial derivative compensa- 
tion. The SVEC III lead system is very 
good in its result but requires as many as 
eight electrodes in the sagittal lead and four 
in the horizontal. Taken altogether, however, 
this lead harness requiring a total of 14 
electrodes and a single set of measurements 
is not too much more complicated than the 
conventional arrangement, where a total of 
12 leads including precordials are run sepa- 
rately and a movable probe electrode has 
to be used. This is especially true consider- 
ing that these systems concentrate in only 
3 leads more information than is ordinarily 
obtained by analysis of all 12 conventional 
leads. We have only begun to explore the 
detailed variations of lead systems with body 
build and inhomogeneity, but we believe 
that these effects, too, can be minimized 
through careful anatomical specification of 
electrode positions.§ 


« 


Except for any special empirical clinical 


in the distortion 
precordial 


discriminations inherent 
and skewing of conventional 
leads, a good three-lead orthogonal system 
offers all the information to be had from 
any combination of other leads. We must 
not altogether neglect the inverse of the 
orthogonalization process, whereby distor- 
tion is purposely enhanced to promote true 
localization. Such systems are feasible but 
always yield very low transfer impedance, 
so that interference is always prominent. 
They are also very critical of electrode place- 
ment, heart position, and network adjust- 
ment, and so they may never become prac- 
tical. 

We can now pass from these basic the- 
oretical problems to the practical one of 
clinical utility, which constitutes the third 
of our four major topics. We all realize that 
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electrocardiography, whether scalar, vector, 
or spatial vector, is primarily directed 
toward valid and efficient clinical interpreta- 
tion of records and that such interpretation 
must necessarily include empirical as well 
as theoretically justified tests. If we are to 
appraise vector cardiography beside conven- 
tional scalar electrocardiography, we must 
somehow categorize the tasks which electro- 
cardiography now accomplishes and must 
also include those new tasks which can be 
reasonably assigned to it with anticipated 
gains in technical facility and theoretical 
understanding. We can then compare the 
several approaches point by point. 


§ For any who might care to try them, the speci- 
fications for the SVEC II and SVEC III orth- 
ogonol lead systems are included. According to our 
present nomenclature, the torso is divided angularly 
into 30-degree symmetrical sectors about a central 
vertical axis so that, starting with 1 at the front, 
Arabic numerals up to 12 divide the torso vertically. 
Roman numerals refer to interspaces at the sternum 
and are carried around horizontally on a flat plane 
so that a grid is established on which a location such 
as V 7 would mean a location at the vertical level 
of the fifth interspace and at the middle of the back. 
In these coordinates the X, or horizontal, axis of 
SVEC IT is V 3 to V 11; the Y, or vertical, com- 
ponent is head to left leg, and the Z, or sagittal, 
component is V 7 % to V 12 %. SVEC III is 
similar but slightly more complicated. The X, or 
horizontal, lead is made up of equally weighted 
components of SVEC II X plus conventional Lead 
I. This may be conveniently obtained by connecting 
LA and V 3 together through two matched 100,000 
ohm resistors and similarly connecting RA and V 
11. SVEC III X component is then obtained as the 
bipolar potential difference between the two pairs 
of resistor common points. SVEC III Y is identical 
with SVEC II Y and is simply head to left leg. 
SVEC III Z, the sagittal lead, is derived by a 
weighted combination of four chest electrodes and 
four back electrodes. The positive Z terminal is 
formed by the common point of four resistors, 
three of 100,000 ohm value and a fourth of 70,000. 
The 70,000 ohm resistor goes to III 12; the others, 
to III 2, VI 2, and VI 12. The back terminal of the 
bipolar pair goes to the common point of four 
100,000 ohm resistors which go to points III 6, 
III 8, VI 6, and VI 8. Normalization is obtained 
by adjusting gain in the X channel to 75% that in 
the Z channel and similarly adjusting Y gain to 
71% of the Z gain. 


One such categorization is as follows: 
(1) analysis of arrhythmias, i. e., compari- 
son of corresponding features of successive 
beats; (2) measurement of ECG component 
intervals within a single beat, such as P-R, 
ORS, Q-T intervals, etc.; (3) measurement 
of scalar component magnitudes, and (4) 
determination of temporal and spatial se- 
quence of components. 

Conventional time-based electrocardiogra- 
phy is quite adequate for routine analysis 
of arrhythmias where only over-all compari- 
son of corresponding features of successive 
beats is desired and so is the method of 
choice for this purpose. It should be realized, 
however, that such analyses are incapable 
of differentiating sequential detail in suc- 
cessive beats, and so these features are best 
looked for by spatial vector methods. 

Measurement of component intervals is 
very simple and straightforward on regular 
time-based records, as the time variable is 
already plotted and the scale can be expanded 
or contracted as needed by changing paper 
speed. Small S-T segment deviations, for 


example, which appear negligible on usual 
vector records, are easily measured on time- 


based recordings and are well known to have 
clinical significance. The method has certain 
disguised faults, however, which lend false 
security to its use. There is often a signifi- 
cant difference in time phase between cor- 
responding complexes in different leads, and 
these do not show up clearly on time-based 
records even with multiple recordings, as 
was proved in our study of “false mirror 
direct re- 


patterns.” || 
corders totally miss fast millisecond details, 


Furthermore, most 


which are coming to be regarded as of some 
significance. All in all, however, linear time- 
based recording is best for measuring simple 
time features of the ECG unless new time- 
cursor methods of SVEC eventually super- 
sede. This seems unlikely at the present 
time. 

For measuring component amplitudes, all 
three methods are good. Time-based records 
are most simply measured but can record 


|| References 18 and 19. 
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Fig. 6.—Relationship between spatial vector cardiograms and conventional planar vector- 
cardiograms. A wire model bent to duplicate the three-dimensional spatial trace seen directly 
with the SVEC is arranged to cast projection shadows on each of the principal planes, including 
the XY, or frontal, plane; the XZ, or horizontal, plane, and the YZ, or sagittal, plane. These 
projections represent the traces seen on a conventional vector cardiography screen. As an exercise 
it is interesting to attempt reconstruction of the spatial trace from two of the planar projections 
and to compare this reconstruction with that made from another pair. Any two projections 


should give an identical result. 


only a time variation of a projected part 
of a spatial component. As we have shown, 
mean spatial magnitude of an ECG complex 
can be reconstructed from time-base records 
with some reliability with use of a simple 
mechanical synthesizer, but this procedure 
somewhat complicates the method’s basic 
simplicity. Vector traces, of course, allow 
immediate determination of complex magni- 
tude as projected in two dimensions, but this 
method involves the complexity of cathode 
ray presentation plus the difficulty of finding 
a correct plane for projection. SVEC pres- 
entation permits ideal measurement of 
magnitudes, as components can always be 
ideally resolved. 

Accurate determination of spatial loop 
sequence and orientation is the special zone 
of vector cardiography and is impractical if 
not impossible utilizing simple time-based 
recording. Vectorial recording as it is ordi- 
narily done on a cathode ray tube permits 
immediate insight into the projected magni- 


{ References 28-31. 
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tude and path of the spatial vector in one 
plane. With the aid of additional cathode 
ray tubes or switching, the projections in 
other planes can also be displayed at will, 
but there remains a fairly hard job of mental 
synthesis in putting together a spatial trace 
in three dimensions, which is the objective 
of such work. 

Figure 6 illustrates how the principal 
plane projections of a spatial vector look 
when ideally resolved. Here we have taken 
a wire model of a spatial vector trace and 
projected its shadows onto the three prin- 
cipal planes to yield perfect planar vector 
cardiograms. Even with the original spatial 
trace available for reference, there is often 
some difficulty in seeing the relationship 
between it and its component projections. 
It is obviously more difficult to synthesize 
the spatial trace from its components, as 
we have found to our sorrow. Theoretically, 
only two projected traces are needed to 
synthesize the original space form, but this 
is still more difficult; yet this synthesis is 
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required in most present-day clinical vector 
cardiographic procedures. 

Viewed stereoscopically, in three dimen- 
sions, the spatial loop is relatively unambigu- 
ous, especially if seen successively from 
several viewpoints and if provided with 
shaped time markers to indicate rate and 
sense of rotation. 

It was to permit this type of direct spatial 
perception that we developed the ster- 
eovectorelectrocardioscope (SVEC) some 
seven years ago.** With its aid the spatial 
vector trace can be visualized and measured 
accurately and easily. It gives a most vivid 
perception of spatial shape and orientation, 
whether viewed directly with the instrument 
or from stereo photo recordings. These 
records also permit precise fabrication of 
wire loop models with the aid of an optical 
device which superimposes the stereoscopic 
pattern seen in a slide upon an open illumi- 
nated space in which the fingers can manipu- 
late a wire model. 

It must be evident, however, that only 
when a truly orthogonal system of leads is 
used is the spatial vector a real picture of 
a best pattern which is invariant with heart 
position. That is to say, just as a pretzel 
looks like a pretzel and can be recognized 
as such when viewed from nearly any angle, 
so also an orthogonal SVEC pattern pre- 
serves form independent of heart position, 
even though the pattern of loops appears 
rotated in space. This spatial invariance is 
the strongest single point in favor of spatial 
vector cardiography (VCG), and it breaks 
down if skewed coordinate systems of leads 
are used. In truly orthogonal coordinates 
any heart going through the same psysiologi- 
cal cycle will yield the same spatial pattern 
irrespective of heart position. Indeed, the 
pattern will be rotated spatially degree for 
degree with anatomical displacement of the 
heart. This invariance does not apply to 
two-dimensional VCG patterns except for 
the special case where rotation happens to 
be about the axis perpendicular to the plane 
of measurement. 

We now come to our last point. We be- 
lieve it has been adequately demonstrated 


that time-based electrocardiography, even 
with multichannel recorders, is ill adapted 
for study of spatial sequence of events, espe- 
cially during the fast parts of the cycle. 
It is extremely well adapted, however, for 
studying time sequences and intervals. 

Vector analysis, on the other hand, is 
especially well suited for studying spatial 
component sequences, which are probably 
of greater importance than has yet been 
realized.** In two dimensions, however, 
vector cardiograms are not invariant with 
heart position and so lose one of the prize 
virtues inherent in spatial VCG. 

Now there is incorporated in the com- 
puter of the SVEC II and SVEC III sys- 
tems an electronic resolver ** which allows 
data taken with any orthogonal lead system 
to be spatially rotated so that it can be 
viewed from any desired azimuth and eleva- 
tion. In the SVEC case this was done to 
permit the azimuth and elevation of any 
feature of the spatial cardiogram, such as 
the ORS or T axis, to be read off instantly 
and also to relieve the mind of the moderate 
burden of recognizing an identical pattern 
seen from a new viewpoint. 

Because compensation of ordinary electro- 
cardiograms or vector cardiograms in two 
dimensions for changed heart position is not 
merely a matter of changed orientation, these 
patterns are in general changed grossly in 
form by such shifts. 

Recent SVEC studies (Fig. 7) and 
comparable studies derived from ordinary 
ECG’s # have shown a remarkably wide 
distribution of spatial QRS and T vectors 
in normal persons, and so it seems of great 
importance to refer analysis, whether time- 
based or vectorial, to a directionally invari- 
ant scheme of some sort. Milnor, Newman, 
Talbot, and others,’® utilizing our resolver 
method, have also accumulated reresolved 
data for normal and abnormal persons. 

We would like, therefore, to make one 
major suggestion with respect to an un- 
justifiably neglected approach to electro- 
cardiography. Setting aside for the moment 
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Fig. 7—SVEC distribution of QRS and T axes in 200 normal men. The spatial orientation 
of the QRS and the T axes for each subject is determined by rotation of the observer’s view- 
point in azimuth and elevation until the peak of the desired complex is seen end-on. The axis 
orientation is then read off directly from calibrated dials with a repeat variability of only 1 to 2 


degrees. Each space represents one subject. 


those possible schemes which may make 
capital of the natural or artificial distortion 
of action current representation, we assume 
that reasonably good sets of orthogonal leads 
can be found in which resides all the ordi- 
narily wanted information. We know from 
theory that this data is really invariant with 
heart position but, as resolved on any fixed 
time-based or two-dimensional vector ref- 


erence system, takes on myriad shapes ac- 
cording to the direction of resolution. We 
know that there is merit in measurement 


588 


of time intervals, of amplitudes of various 
complexes, of transits across base line which 
yield segment elevation, etc., and we also 
suspect that spatial pattern has as yet un- 
discovered new information to add. Also, 
in all probability both time and spatial in- 
formation together are better than either 
one alone. 

Our suggestion is that we apply the spatial 
resolver technique, which is now well worked 
out, to any good system of orthogonal leads 
and then exploit the invariance of the spatial 
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vector pattern for time-based and planar 
as well as spatial vector cardiograms. Utiliz- 
ing this method it is possible to remove 
from each of the three basic techniques— 
time-based one-dimensional ECG, two- 
dimensional VCG, and_ three-dimensional 
SVEC—the element of spatial distortion. 
Then, with the dice no longer loaded against 
one or another procedure, it should be pos- 
sible fairly quickly to answer some of the 
fundamental questions 
initially. “All other things being equal, do the 
important clinical data reside primarily in 
the time sequence of the ECG, in its planar 
sequence, or in its spatial configuration, or 
must one ultimately use at least two or 
perhaps all three methods ?” 

Our prejudiced answer is that (1) planar 
vector study has little to offer that cannot 
be duplicated or bettered by stereovector 
methods which are only a little more compli- 
cated; (2) the spatial resolver utilizing 
orthogonal leads is of great utility to both 
time-based and vectorial approaches; (3) 


which we posed 


time-based and spatial vector methods each 


contribute some measurements which are at 
present obtained only with difficulty by the 
alternate method; (4) the time is ripe for 
establishing good orthogonal lead systems 
and adapting the spatial resolver technique 
more widely, but (5) we are not yet in 
possession of sufficient clinical evidence to 
determine whether both time-based and 
SVEC should eventually be used or whether 
one can ultimately be made adequate without 
support from the other. 

This work was supported by the U. S. Public 
Health Service under Grant H513, by the Graduate 
School of the University of Minnesota, by Eli Lilly 
& Company, and by the Minnesota Heart Associa- 
tion. 

ABSTRACT OF DISCUSSION 

Dr. G. E. Burcu, New Orleans: The studies of 
Schmitt and Simonson are important contributions 
to the quantitative investigation of reference frames 
in idealized systems employed in spatial vectorcar- 
diography. Their paper is not concerned primarily 
with a question of the validity or nonvalidity of the 
reference frames now used in spatial vectorcardiog- 
raphy but rather with a quantitative estimation of 
the degree of deviation of these frames from an 
ideal one. Everyone is aware of the inadequacies of 


any reference frame when applied to man, a non- 
homogenous system. Again, it is possible that the 
imperfections of man with and without disease can 
compensate for the inadequacies of a reference 
frame. At least, because of this, the reference sys- 
tems must be studied in man himself for proper 
evaluation of them. All factors must be considered 
when a reference frame is selected, including the 
peculiarities of man. Surely the studies of Schmitt 
and others deserve serious consideration when a 
reference system is being selected. 

I would like to indicate again for the benefit of 
those who are in general practice or in the practice 
of internal medicine or cardiology that vector- 
cardiography is still a research discipline but should 
be actively supported from this point of view. 
Vectorcardiography has yet to be shown to be a 
necessary supplement to a careful cardiologic study, 
which includes a careful history, physical examina- 
tion, roentgenographic, electrocardiographic, and 
the usual laboratory studies. Those who add vector- 
cardiography to such studies do not obtain better 
information clinically nor can vectorcardiography 
yet replace the extensive clinical experience in the 
field of conventional clinical electrocardiography, 
even that which is empirical. 
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The process which is essential and final for 
the physicist, physiologist, or physician deal- 
ing with electrocardiographic wave forms, no 
matter how obtained or how recorded, is the 
interpretation of the record. The process of 
interpretation of electrocardiograms by the 
physician has for many years been essentially 
unchanged. 

Interpretation of the electrocardiogram has 
consisted of making a few quantitative meas- 
urements, such as the P-R, ORS, and Q-T 
intervals, and then describing in qualitative 
or correlative language the size and shape of 
the deflections. Qualitative descriptive words 
such as “low,” “high,” “sagging,” “peaked,” 
and “depressed” are frequently used, or cor- 
relative words such as “strain,” “coronary 
type,” and “digitalis type” are also frequently 
used. The mental process of the interpreter 
of the electrocardiogram is remarkable. It 
involves a visual estimate of the size and 
shape of the electrocardiographic waves in 
many leads; an estimate of the size, shape, 
and direction of the ORS segments relative 
to those of the T waves, and, finally, a com- 
parative estimate with the limits of normal 
variations of these estimates and with the 
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various patterns of abnormal variations. This 
is a fairly complicated process. Most of this 
interpretive process is not quantitative, nor is 
it expressed in values which can easily be 
compared, reproduced, or communicated to 
other interpreters. 

One of the most difficult parts of the proc- 
ess of interpretation is to define the limits of 
normal variation and to separate clearly the 
normal from the abnormal. In addition, there 
is the problem of expressing degrees of abnor- 
mality. The final step is to correlate the 
changes in the electrocardiogram with other 
pieces of evidence obtained from the histori- 
cal facts and physical examination and from 
histological, pathological and physiological 
chemical observations. The interpretation of 
the electrocardiogram in the last step can only 
be an accurate predictive diagnosis if there is 
previous correlative experience of an accurate 
clinical, pathological, or physiological nature. 
In other words, for clinical purposes, the 
electrocardiogram is only as accurately diag- 
nostic as the information with which it has 
been previously correlated. 

Rather than attempt a review of the many 
important pieces of work that have been done 
recently, I thought I would discuss how 
advances may be made in the quantitative 
interpretation of the electrocardiogram, using 
a few examples from the literature and from 
some of our own recent attempts. 

Aside from research which correlates the 
electrocardiographic picture with disease, 
drugs, stress, or physiological findings, there 
are two other approaches to electrocardio- 
graphic research which have had some recent 
bearing on the process of electrocardiographic 
interpretation. I have divided electrocardi- 
ography into three categories of study, the 
first of which has been mentioned, namely, 
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correlative or diagnostic electrocardiography. 
The second category might be termed ana- 
lytic electrocardiography. In this category 
are the endeavors of research workers to map 
the electrical field in and on the surface 
of the body, and to study the factors influ- 
encing the conduction of the generator signals 
through the medium of the body. 


The third type of research might be called 
synthetic electrocardiography. In this cate- 
gory are the attempts to put into a more uni- 
fied picture the pieces of the electrical forces 
of the heart obtained from isolated leads or 
reference points. Most of the attempts to do 
this have been based on the general assump- 
tion (or hope) that the heart acts essentially 
as a point source or generator in the center 
of an electrically homogeneous conducting 
medium, namely, the body. This is the basis 
for the use of the vector method for repre- 
senting the electrical information from the 
heart. The vector theory is a unifying con- 
cept of the heart’s electrical activity. All the 
known clinically useful information about the 
heart’s electrical activity should be contained 
in the vector figure. It should be possible to 
find three bipolar reference leads representing 
all the electrical information in the three 
planes of the body. It should also be possible 
then to derive any local or special surface 
electrocardiographic view one desires from 
the primary electrocardiographic information 
obtained at a distance. 

A good deal of experience with the tech- 
nique based on the vector theory shows that 
practically all the electrocardiographic infor- 
mation which we obtain by applying leads at 
multiple points on the surface of the body, 
particularly on the chest, can be derived 
from recordings from distant reference axes. 
Between the observations of Milnor and our- 
selves, we have examined over a thousand 
subjects with all sorts of abnormalities. We 
have yet to find information which is of any 
use for clinical correlation or interpretation 
in the electrocardiograms obtained from mul- 
tiple surface leads which cannot be derived 
from three simple bipolar electrocardio- 
graphic leads taken at a distance, represent- 
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ing the electrical information in the three 
axes of the body. 

The question arises: What does one con- 
sider clinically significant information? At 
the moment, we can only state that physicians 
who have had 10 to 15 years’ experience in 
heart stations, reading 20 to 40 electrocardio- 
grams per day, can find no more diagnostic 
information in the conventional 12-lead elec- 
trocardiogram than be by 
separate independent interpretation of the 
electrocardiograms with distant three-vector 
reference leads recorded simultaneously. 


can obtained 


An example of this technique is shown in 
Figure 1. Above are the electrocardiograms 
as recorded by conventional techniques using 
the V leads across the chest. Below are the 
electrocardiograms which are derived or cal- 
culated by an electronic instrument from the 
three electrocardiograms recorded from dis- 
tant leads on the body. You can see that the 
information which is diagnostic, and which 
has been perhaps in the past thought to be 
rather special local or semidirect information, 
is contained in distant leads, which are 
nowhere near the usual locations of the chest 
leads. These electrocardiograms are obtained 
by a synthetic calculating process from three 
leads formed from a total of four electrodes 
placed on the back and near the right shoul- 
der, with only one electrode on the front of 
the chest. 

These questions arise: What is the use of 
this different set of leads? What sort of 
advance is this? The value of this demon- 
stration is that it allows us to think of the 
electrocardiographic picture from the total 
integrated viewpoint rather than from the 
viewpoint of each lead giving us some special 
isolated underlying information. It reduces 
the electrocardiogram from i2 leads to 3. 
Secondly, this method may lead us to more 
quantitative expressions of interpretative cor- 
relative data. As an example of-what is meant 
by this, let us consider the problem of the 
significance of the presence of a Q wave in 
standard Lead III of an electrocardiogram 
(Fig. 2). The vector force which creates a 
QO; points upward in the frontal plane away 
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Fig. 1—Above are the actual pre- 
cordial electrocardiograms from a pa- 
tient with an anterior myocardial in- 
farction. Below are the electrocardio- 
grams derived with a Schmitt instru- 
ment (variously called a “resolver,” 
a panoramic unit,” or a “vector aspect 
changer”). The primary information 
from which the leads are derived con- 
sists of three bipolar leads placed 
according to Milnor’s system. E is the 
elevation, and A, the azimuth, in de- 
grees of the reference line of the 
projections (see Figs. 2 and 3). This 
demonstrates the practical validity of 
the vector concept of electrocardiog- 
raphy and encourages us to proceed 
upon the assumption that all the useful 
clinical information is contained in 
three bipolar leads properly placed at a 
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SCALAR PROJECTIONS FROM VC6G 


distance from the heart. Conversely, it means that there is practically no special or “semidirect” informa- 
tion in multiple leads on the chest anatomically closer to the heart. (Reproduced from Milnor,’ Paris, 


J. B. Balliére et Fils.) 
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Fig. 2—The vector-cardiographic tracing in a 
patient with posterior myocardial infarction and 
the scalar electrocardiographic leads. The initial 
0.04 vector which results in a Qs deflection points 
toward the head and to the left. (Reproduced from 
Milnor,® Bulletin of the Johns Hopkins Hospital, 
Baltimore, The Johns Hopkins Press.) 


from the foot. However, when this initial 
“Qs” vector is viewed from the side of the 
body rather than from the front of the body 
we find that in the normal subject it points 
forward and upward. In patients who have 
been judged to have had a posterior myocar- 
dial infarction from other definite clinical cri- 
teria, we find that the “Q;” vector points 
directly upward or, frequently, backward 
(Fig. 3). As more data are accumulated, 
some normal subjects and some patients with 
myocardial infarction may have initial 0.04 


vectors in the saggital view which point in 
the same direction. This again leads to diffi- 
culty in interpretation. However, the method 
is helpful because the limits of normal can be 
quantitatively defined. One would like to 
have a completely accurate diagnostic tool, 
but I am afraid the instrument or the method 
of interpretation will not alone resolve all 
problems. All we can hope to do is sharpen 
the differences between the normal and 





DIRECTION OF INITIAL QRS VECTOR 
IN THE SAGITTAL PLANE 


NORMAL SUBJECTS 
WITH "Q3"° 
(31 CASES) 


CASES OF MYOCARDIAL 
INFARCTION WITH °Q3° 
( 22 CASES ) 











Fig. 3—An analysis of direction of the initial 
0.04 vector in normal subjects and cases with pos- 
terior myocardial infarction with Qs deflections. The 
best quantitative differentiation of the normal from 
the abnormal is obtained by the vector addition of 
forces in all directions obtained from a simple 
bipolar three-lead system representing the electrical 
forces in the three planes of the body. (Reproduced 
from Milnor, ® Bulletin of the Johns Hopkins Hos- 
pital, Baltimore, The Johns Hopkins Press.) 


593 






























































































































































Fig. 4.—The three normal scalar electrocardio- 
grams and two scalar simultaneous integrals. The 
X, Y, Z leads are bipolar. The X lead is formed 
by electrodes on the back in the midclavicular lines 
directly oppsite the second anterior interspaces 
on both sides. The Y lead is between the right 
back electrode above-mentioned and an electrode 
placed directly below at a distance equal to that 
between the two X lead electrodes. The Z lead 
is formed by placing an electrode on the right 
anterior chest directly opposite the right upper 
back electrode. The positive sense of both the elec- 
trocardiogram and integral deflections is toward the 
patient’s left, front, and foot. 

The calibration deflections represent 1.0 mv. input 
for the electrocardiograms and 0.05 second-mv. input 
for the integrals. Each cycle is integrated separately, 
the integration beginning and ending in the T-P 
interval. (The variation of the calibration signal for 
the Z integral channel was due to temporary insta- 
bility of the signal generator.) Time lines are 0.10 
seconds. 


abnormal. If we can express these things in 
quantitative terms, we have a chance for more 


accurate interpretation. The fact that the 
Qs; wave or the initial 0.04 vector tends to 
point upward and backward in posterior myo- 
cardial infarction is another expression of the 
fact that in posterior myocardial infarctions 
the R waves of the initial 0.04 vector in the 
anterior chest leads, that is, Leads V;, Vo, 
and V3, tend to be low or absent. The 
difficulty in interpreting the height of the 
R waves in Leads V;, Vo, and V3, however, 
is one of quantitation. It is very difficult to 
visually and mentally estimate the height. 
However, if the information is correlated 
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with the movement of the vector in another 
direction, more quantitative reproducible 
information can be obtained and we can 
assign not only a size but an accurate direc- 
tion in space to the potential. 

There is another concept of vector addi- 
tions which may be useful. A long time ago, 
Wilson injected some quantitative ideas into 
the interpretation of the electrocardiogram 
when he introduced the concept of ventricular 
gradient. Ventricular gradient is an attempt 
at quantitative expression of the mental proc- 
ess mentioned previously, namely, the process 
of making an estimate of the size and direc- 
tion of the ORS deflection relative to those 
of the T wave of each lead. It is perhaps 
appropriate, in this symposium, to mention 
this example of quantitative interpretation of 
the electrocardiogram, since Dr. Johnston 
was one of the first, in 1950, to report an 
attempt to facilitate the process of determin- 
ing the areas under ORS and T waves by 
using electronic circuitry. Recently, in our 
laboratories, Mr. Thomas Arnold and Dr. 
James McGovern have made advances in 
instrumentation which will facilitate quanti- 
tative analysis of the areas of the ORS and 
T waves. 


Fig. 5.—The X Y Z scalar electrocardiograms and 
the X and Z simultaneous scalar integrals in a pa- 
tient with left ventricular hypertrophy due to aortic 
stenosis. Technique and calibrations same as for 
Figure 4. 
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17 REM NORMAL 


FRONTAL PLANE 


Fig. 64.—A composite chart showing, in a normal subject, the frontal plane vectorcardiogram 
(VCG) (top left) and the frontal plane vector integral cardiogram (VICG) (top right) with 
the scalar components of each arranged in their spatial relations. Calibration signal is included, 
which produces the line at 45 degrees to both axes. 

Time markings are made in the VCG and VICG and on the scalar integrals by interrupting 
the beam. Thus, during the rapid accumulation of area during the QRS, the dots are farther 
apart, while during the slower T-wave-area accumulation, the dots tend to fuse 


We have combined the unifying concept about the heart’s electrical activity is con- 
of the vector method with the idea that com- tained in three bipolar reference leads, it 
parison of the areas of the ORS and T waves should be possible to obtain a three-dimen- 
is fundamentally important in interpretation. sional unified concept of the relative areas. 
If all the known clinically useful information The hope is that this synthesis of informa- 


Fig. 68.—The normal horizontal plane vectorcardiogram and vector integral cardiogram with 
the scalar components of each. 
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Fig. 6C.—The normal sagittal plane vectorcardiogram and vector integral cardiogram with 





their scalar components. 


tion would dissolve the differences between 
normal people, and sharpen the differ- 
ences between the abnormal patterns and the 
normal. 

Many of the differences in electrocardio- 
graphic patterns are “positional,” and at the 
present stage of our knowledge it would be 
difficult to say which electrical view of the 
heart is the “correct” one. The correct view 


from the practical clinical standpoint is the 


one which gives the most reliable differentia- 
tion of disease. Utilizing the vector concepts 
and area measurements, and encouraged by 
Schmitt on the validity of vector leads, we 
have proceeded to develop electronic methods 
for the vector addition of area measurements 
This procedure might be called the three- 
dimensional integral electrocardio- 
gram. Integrating circuits were devised 
which would deliver a voltage proportional 


vector 


Fig. 7A.—A composite chart showing, in a patient with left ventricular hypertrophy due to 
aortic stenosis, the frontal plane vectorcardiogram (VCG) and the frontal plane vector integral 
cardiogram (VICG) with their scalar components. 


18 ARH 
FRONTAL 


LEFT VENTRICULAR HYPERTROPHY 
PLANE 





p= well age ce ee 








2: Reena aan 





ADVANCES IN ELECTROCARDIOGRAPHY 


| 18 ARH LEFT VENTRICULAR HYPERTROPHY 
HORIZONTAL PLANE 





Fig. 7B.—An abnormal horizontal plane VCG and VICG with scalar components in a patient 
with aortic stenosis. 


to the area accumulated under each OQRS-T cardiac cycle is completed, the integration 
complex. An example of this continuous _ starts for the successive cycles at the new 
process is shown in Figure 4 for a normal _ baseline. 

person. The scalar electrocardiograms are 
called X, Y, and Z, representing, respec- 
tively, the electrical forces in the side-to-side, 


The continuous accumulation of area in 
two directions can now be added vectorwise 


; tae ; continuously, by use of an oscilloscope. Illus- 
up-down, and front-back directions of the ‘ 7 if y iditi 4 ; 
body. The continuous simultaneous integrals eeu . te vector additions of t a 5 
il meals ctahs cnt teetiied for tie XKand Z electrocardiograms and the scalar integrals 
coordinates. These two coordinates form the" the three planes of the body are presented 
rir . r © © : ale : 74 > y 4 ) © 
transverse plane. The same process is shown or a normal subject in Figures 6A, 6B, and 
in Figure 5 for a patient with left ventricular 


hypertrophy. When the integration for each hypertrophy in Figures 74, 7B, and 7( 


6C and for a subject with left ventricular 





Fig. 7C.—The sagittal plane VCG and VICG with their scalar components in a patient with 
left ventricular hypertrophy. 
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I have limited my comments to possible 
ways to make advances in the process of 
quantitative electrocardiographic interpreta- 
tion. The process of electrocardiographic 
interpretation has been too seldom a quanti- 
tative one. The progress in validation of the 
vector theory of the heart’s electrical activity 
has helped somewhat to free us from isolated 
viewpoints of electrocardiographic leads. 
Some of the vector additions of electrical 
information may help in separating the nor- 
mal from the abnormal and in describing the 
degrees of abnormality. The concept of ven- 
tricular gradient, which is another type of 
vector addition, has always been important in 
interpretation, and I believe new methods 
now make it possible to further test and 
extend the value of this concept in quantita- 
tion in the future. By utilizing a simple three- 
lead system and continuous integration with 
vector addition, one may obtain a three- 
dimensional vector integral electrocardio- 
gram. The value of this method of represen- 
tation remains to be proved, but it is now 
possible to proceed with the facility and 
accuracy of automatic computation. Finally, 
even though we can quantitatively represent 
the electrocardiogram, none of the quantities 
will be useful unless they are correlated care- 
fully with equally accurate quantitative infor- 
mation obtained from clinical facts, from 
pathological and histological examination, 
and from physiological and chemical obser- 
vations. 


ABSTRACT OF DISCUSSION 


Dr. Dantet A. Bropy, Memphis: This excellent 
paper by Dr. Newman brings to mind a number of 
important advances in electrocardiography at a 
purely theoretical level. It also prompts the thought 
that fortunately clinical electrocardiographers did 
not wait upon the development of an extensive 
fundamental theory before undertaking their re- 
searches. Otherwise, we would probably not be 
meeting here today for this purpose, and the elec- 
trocardiograph might be little more than a labora- 
tory curiosity. 

The implication is not intended that all phases of 
fundamental electrocardiography have progressed 
slowly. Certainly, a great deal of impressive work 
concerning the nature of myocardial action potentials 
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has been carried out throughout the vears. Recently, 
new knowledge of the activation process has been 
brought to light, and our ideas of the total process 
are beginning to crystallize. 

Only recently, however, has there been any really 
fresh progress concerning the quantitative relation- 
ships between the electromotive forces of the heart 
and the various leads of the electrocardiogram. Per- 
haps the tardiness in developing this phase of elec- 
trocardiographic theory is due in part to the fact 
that the Einthoven triangle and other simple but 
arbitrary geometrical devices seem to “work,” but 
the delay is more likely due to the fact that this is 
largely a problem in theoretical physics rather than 
one in descriptive biology. Undoubtedly the present 
renascence is a direct result of our increasing recog- 
nition and support of biophysics as an important 
medical science. 

The past few years have been witness to three 
theoretical “breakthroughs’’ of tremendous impor- 
tance in the quantitative relationships between the 
heart and leads. In brief, these three developments 
are the lead vector, the lead field, and the treat- 
ment of the heart as a volume generator of elec- 
tricity. 

The lead vector is the physical characterization of 
the properties of a given lead connection at particu- 
lar points in the cardiac region. The nature of the 
lead vector is such that the contribution of any small 
region of the myocardium to the electrocardio- 
graphic deflection is the dot (or scalar) product of 
the electromotive moment of that region and its 
associated lead vector. 

The lead field is the electrical field which is pro- 
duced in the body when a lead connection is en- 
ergized with one unit of direct current from an 
external electromotive source. Analysis of the lead 
field yields a great deal of information regarding the 
physical properties of the lead connection. Actually, 
the lead vector and the lead field are not inde- 
pendent physical entities, for it has been amply dem- 
onstrated that the lead vector at ary point in the 
body is identical to the potential gradient of the lead 
field at that point. 

In the past, most considerations of the distribution 
of cardiogenic potentials throughout the body have 
treated the heart as a single electrical doublet, under 
which circumstance its electrical behavior is clearly 
vectorial. In contradistinction to this simple ideal- 
ization, the heart is a relatively large region con- 
taining myriads of electrical sources and sinks. Ap- 
plication of the principles of vector calculus to the 
actual situation has provided a sound theoretical 
basis for the view that the total electrical activity of 
the heart is truly vectorial in nature. On the basis 
of such application it would be a relatively simple 
matter, if the body were electrically homogeneous, 
to represent and record the heart vector as an inte- 











gration of electrocardiographic potentials over the 
‘body surface. 

Unfortunately for the attainment of this objective, 
the body is not electrically homogeneous, and ac- 
curate vectorial registration is not a simple pro- 
cedure. However, the problem of electrical inhomo- 
geneities is now coming under vigorous attack, and 
it seems reasonable to hope that further basic know]l- 
edge regarding the genesis of the electrocardiogram 
will result. 
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Te U Chie of the Electrocardiogram 


EUGENE LEPESCHKIN, M.D., Burlington, Vt. 


AUNTINNULLUNGNULENU HLTA ALU 


The U wave has in the past received but 
little attention in clinical electrocardiography, 
as its significance was not clear. However, 
during the last few years methods have been 
developed which allow electrocardiographic 
leads to be taken directly from the inside of 
the heart muscle cell and thus make it pos- 
sible to obtain new information concerning 
the significance of the U wave and the elec- 
trochemical processes responsible for it. On 
the other hand, an increasing number of 
reports is appearing in which changes of the 
U wave are found to be the chief clue lead- 
ing toward the correct clinical diagnosis. 
Furthermore, the study of the U waves may 
furnish important information concerning 
the genesis of ventricular arrhythmias. 

I first became interested in the U wave and 
the after-potentials responsible for it almost 
exactly 20 years ago, when, as a student, 
I watched the experiments of Drs. C. J. 
Rothberger and M. Goldenberg on the effect 
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of veratrine on the excised conducting sys- 
tem of the heart. Since that time I have 
been collecting observations concerning the 
U wave during the course of other work 
until, a few years ago, assistance by the 
National Heart Institute of the United 
States Public Health Service and by the 
American Heart Association made a sys- 
tematic study of the problem possible. In 
order to summarize the results of this study, 
as well as of the work which has been done 
on the U waves and the after-potentials 
throughout the world up to the present, a 
symposium on the U wave was held in 
Burlington, Vt., in September, 1954, under 
the sponsorship of the Vermont Heart 
Association. This paper is essentially a sum- 
mary of the work presented in this sym- 
posium which is of interest to the practicing 
physician. The detailed proceedings of the 
symposium are being published in Circula- 
tion, the Journal of the American Heart 
Association, and it will be published later in 
monograph form. The bibliography of the 
U wave Symposium contains 261 papers, 
and these cannot be referred to separately 
in this paper; instead, the papers presented 
at the Symposium are listed as references. 
When Willem Einthoven originated the 
designation of the electrocardiographic waves 
by means of the letters of the alphabet, he 
could use only the middle letters, since the 
initial letters, a, b, and c, as well as the final 
letters, v, x, and y, were already in use for 
the venous pulse. Einthoven designated a 
wave which came after the T wave as a U 
wave but made no precise definition of the 
U wave nor of the characteristics which 
would distinguish it from the T wave. No 
such definition has been developed until now, 
and, as a consequence, the U wave has been 
often confused with a part of the T wave and 


vice versa. Yet the two waves have an 
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entirely different genesis and clinical signi- 
ficance ; consequently, a differentiation be- 
tween them is urgently needed. 

From an electrophysiological standpoint, 
the T wave corresponds to the rapid de- 
scending branch of the action potential of 
the heart muscle cell at the end of systole, 
while the U wave corresponds to the 
descending branch of the after-potentials at 
the beginning of diastole (see later). Both 
the U and the T wave are accordingly due 
to repolarization of the heart muscle cell, 
but the T wave is caused by the first, major, 
and constant step in this process, while the 
U wave is caused by the second, minor, and 
inconstant step. From a clinical standpoint, 
the best differentiation is that, as we shall 
see, the highest potentials of the T wave 
appear in systole while the highest potentials 
of the U wave appear in diastole, after the 
second heart sound. The two waves can also 
be identified from the time of appearance of 
their apices in relation to the heart rate and 
sex (Table). 

Sometimes another slow variation of poten- 
tial appears after the U wave, and this has 
been designated either as a V wave or as an 
“after-potential.” It was the feeling at the 


symposium that since the V wave was already 
in use for the venous pulse and since the 
term “after-potential” is used by the physi- 
ologists only when they refer to monophasic 
action potentials in leads across the cell mem- 
brane, all variations of potential following 
the T wave should be included under the 
term of “U wave.” In this case the U wave 
may be said to have a rapid initial and a slow 
terminal portion or it may show two sum- 
mits, where the first would be designated as 
U and the second as U’.’ 

One of the most difficult and controversial 
points about the measurement and identifica- 
tion of the U wave is the determination of 
the true base line from which it should be 
measured. When the heart rate is slow, the 
point where the decreasing curvature of the 
descending branch of the U wave can no 
longer be distinguished from a horizontal line 
must be considered as the end of the U wave 
and the beginning of the base line (Fig. 1). 
However, when the heart rate is fast, the 
P wave of the following heart beat is super- 
imposed on the descending branch of the 
U wave. As the oscillations of the P wave 
are much faster than those of the U wave, 
the two waves can be differentiated in most 


Fig. 1—Synchronously registered heart sounds (HS) and Leads I-III of the electrocardio- 
gram, as well as Leads V:, V2, Vs, and Ve, in a normal young male. The figure illustrates the 
identification of the auricular sound (AS), first heart sound (JS), second heart sound (JS), 
third heart sound (///S), the apex of the T wave (a7), the end of the T wave (eT), the apex 
of the U wave (aU), and the end of the U wave (eU). 
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Fig. 2.—Effect of sudden changes in the heart rate on the U wave. A, superposition of U on 
T after short diastolic pauses, due to insufficient shortening of Q-T, in a case of auricular fibrilla- 
tion treated with digitalis and quinidine. B, superposition of T and U after long diastolic pauses 
following ventricular premature beats, due to slow adaptation (hysteresis) of Q-U in sudden 
changes of the heart rate. The first of each pair of figures on the lower margin of the curves is 
the Q-aT interval, while the second is the Q-aU interval. 
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Fig. 3.—B, superposition of T and U due to slow adaptation of Q-U to the falling heart rate 
after standing up, in a normal young woman. C, separation of T and U after exercise. 


cases. In such cases it can be clearly seen 
that the slope of the P-R segment is a direct 
continuation of the visible section of the 
U wave, and the nearest approach to the base 
line is the end of the P-R segment or the 
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point immediately preceding the QRS com- 
plex (Fig. 3C). However, if the slope of 
the P-R segment is different, owing to 
depression of the P-Tp segment, it is practi- 
cally impossible to determine the point where 
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the U wave ends. This is the reason why 
the end of the U wave cannot be determined 
accurately, and the U wave can therefore not 
be measured quantitatively if the heart rate 
exceeds 96 per minute.* In these cases it may 
be possible, by exerting carotid sinus pres- 
sure, to separate the U wave from the P wave 
and in this way to determine the exact con- 
figuration and duration of the U wave. 
The point where the terminal branch of the 
T wave ends and the initial branch of the 
U wave begins can be designated as the 
“T-U junction.” In rare instances this junc- 
tion corresponds to a horizontal “T-U seg- 
ment,” but in most cases it can be defined 
only as a sudden change in the direction or 
the steepness of the curve, that is, a notch or 





may be confused with a diphasic T wave 
(Lead V3 of Fig. 5C). In most of these cases 
the T and U waves can be adequately sep- 
arated in some other lead, such as aV,, and 
the Q-T duration in this lead will indicate 
approximately the boundary between T and 
U also in leads where such a separation is 
impossible. If no lead can be found where 
T and U can be separated, it will be neces- 
sary to determine the average duration of 
the intervals from the beginning of ORS to 
the apex of T (Q-aT), to the end of T 
(Q-eT or Q-T), to the apex of U (Q-aU) 
and to the end of U (Q-eU or Q-U) for a 
given heart rate and sex.'° This information 
is contained in the Table. If the distance 


from ORS to the first apex of what looks like 


Fig. 4.—Schematic construction of the normal electrocardiogram with upright T and U waves 
as a difference between two action potentials with negative after-potentials. See text. In B 
through C the time difference between these action potentials is progressively increased, resulting 
in inverted T waves with low upright U waves and finally in inverted T and U waves. 


a kink. In most normal electrocardiograms 
the T-U junction is in the isoelectrtc line, 
but under certain circumstances it can be 
elevated or depressed. 

In most cases the T wave has a much 
higher voltage than the U wave, but if the 
T wave is abnormally low or the U wave 
abnormally high it becomes increasingly diffi- 
cult to distinguish between the two waves. 
This is especially true if the U wave is super- 
imposed on the T wave; in these cases we 
may speak of “fusion” or “merging” of T 
and U.+ If these two waves have the same 
direction, they may be then confused with a 
notched T wave (Lead II of Fig. 5C) ; if 
these waves have a different direction, they 


* References 1 and 12. 
+ References 1 and 2. 


a wide, notched, or diphasic T wave is within 
15% of the theoretical Q-aT interval, while 


Intervals from the Beginning of ORS to the Apex of 
T (Q-aT), to the End of T (Q-T), to the 
Apex of U (Q-aU), and to the 
End of U (Q-U) * 














Heart Rate Q-Q Q-aT QT Q-aU 
oe CEE Tee 120-150 30 41 52 
100-120 30 40 51 
39 BO 
37 48 


35 45 

60-67 "6 34 43 

55-60 2 32 41 

SBE 50-55 29 30 38 


*The values in the table are average values in 0.01 
second; the values for men are about 2% smaller, while 
those for women are about 2% larger. The normal limits 
are about + 10% of the average. The points aT and aU 
apply to the tallest monophasic T or U waves of all limb 
or precordial leads (Fig. 1). The Q-T and Q-U intervals 
are the longest of all leads. 
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Fig. 5.—Disappearance of a typical hypopotassemia pattern during treatment with potassium 
chloride in a young woman with severe diarrhea. A, serum potassium 1.6 mEq. per liter. Negative 
T waves partly fused with greatly elevated U waves, simulating diphasic T waves with greatly 
prolonged Q-T duration in Leads V2 and Vs. Superposition of the second heart sound on the elec- 
trocardiogram in the last row enables recognition of the T-U junction. B, complete fusion of T 
and U in Lead aVr on the following day. C and D, gradual normalization of the electrocardio- 


gram after potassium ingestion. E, 
liter. Normal electrocardiogram. 


the distance to the second apex is within 
15% of the theoretical Q-aU duration, these 
apices correspond to the T and U waves, 
respectively. If both apices are within 15% 
of the Q-aT duration, they probably corre- 
spond to the two apices of a notched T wave. 
However, in certain cases the second apex 
may appear midway between the expected 
Q-aT and Q-aU intervals; in this case the 
decision is difficult. Also, if the fused T and 
U waves are of approximately the same 
amplitude they may form a new apex (a so- 
called summation apex),? which would be 
situated midway between the expected Q-aT 
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second day of treatment; serum potassium 4.1 mEq. per 


and Q-aU intervals (Lead V¢ of Fig.6). In 
these cases it is necessary to register the 
second heart sound at the same time with the 
electrocardiogram. 

At our hospital, heart sounds are regis- 
tered together with the electrocardiogram in 
all routine cases, with the possibility in mind 
that they may be needed to distinguish be- 
tween the T and U waves: This is best 
accomplished by registering Lead V3 of the 
electrocardiogram, in which the U waves are 
usually most pronounced, through a low- 
resistance magnetic headphone placed in the 
pulmonary region. After trying many differ- 
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ent makes of headphones we found that we 
obtained the best sensitivity and the least 
AC interference with the single head-set 
No. 27, 1000 ohms, manufactured by the 
Trimm Company of Libertyville, Ill. One 
terminal of the headphone was plugged into 
the precordial electrode, while the other was 
provided with a battery clamp and clamped 
onto the end of the precordial cable. A small 
piece of wood or cork was pasted on the 


wave this wave is definitely a I wave and 
not a U wave; if it appears earlier, this wave 
is almost certainly a U wave.t 

In the standard limb leads, a U wave can 
be identified in about 85% of the cases, but 
a measurable U wave, that is, one exceeding 
0.2 mm., is found in only about 60%.° The 
U wave was found to exceed 0.5 mm. in only 
about 4% of the cases, and it was practically 
never found to exceed the value of 1.5 mm. 






























































Fig. 6. 
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Elevation and earlier appearance of the U wave and the third heart sound (IIIS) 


during infusion of epinephrine in a young normal woman (£8). In C an even greater elevation of 
the U wave is accompanied by the appearance of ventricular extrasystoles (VE) during the U 
waves. A, at rest. AB, apex beat, showing the dependence of the time of appearance of the proto- 


diastolic outward movement on the U wave. 


membrane of the headphone in such a way 
as to project through the opening and 
remain in contact with the chest wall while 
the microphone was in position. In the result- 
ing combination electrocardiographic and 
phonocardiographic curve the rapid vibra- 
tions of the second heart sound could be 
easily distinguished from the slow T and 
U waves upon which they were superim- 
posed (Fig. 5). We have found that if the 
second heart sound begins later than 0.03 
second before the apex of a questionable 


The highest U waves are usually found in 
Lead II (Fig. 1), although in left axis devi- 
ation the U waves in Lead I become almost 
as high while in right axis deviation the 
U waves in Lead III approach those in 
Lead II. A negative U wave in normals can 
be found only in Lead III, when the T waves 
are negative in this lead. In the unipolar 
limb leads, the U waves are always inverted 
in Lead aVxz and are usually upright in Leads 


t References 1 and 10. 
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aV, and aVy, although inverted U waves 
may be occasionally found in these leads if 
the T waves are inverted. 


In the unipolar precordial leads * a U wave 
can be identified in nearly 100% of the cases. 
It is usually highest in the precordial Lead 
V3, just to the right of the transition zone 
of ORS (Fig. 1). The average value in this 
lead is about 0.33 mm.; values exceeding 
1 mm. were found only in about 2% of the 
cases, although occasionally U waves as tall 
as 2 or even 3 mm. may be found in normals. 
The U waves tend to be taller in the presence 
of tall T waves and tend to be very low or 
absent when the T waves are low. However, 
in Lead V; upright U waves may be found 
even in the presence of inverted T waves; 
this applies especially to the so-called juve- 
nile T wave pattern of normal children and 
adolescents, in which inverted T waves in the 
presence of upright U waves may be found 
to extend as far to the left as the precordial 
position V4. In the adult, the U wave usually 
measures about 5% to 20% of the T wave 
amplitude in the same lead; values exceed- 
ing 50% were found in only 5% of the cases. 
The highest U wave of all precordial leads, 
expressed as a percentage of the highest 
T wave, has an average of about 11% ; 98% 
of the cases have values between 3% and 
24%. A frankly negative U wave was not 
found in any of the standard unipolar pre- 
cordial leads. It may appear, however, in 
leads from the upper part of the precordium 
and in those from the back as well as in the 
auricular levels of esophageal leads.§ In gen- 
eral, with the exception of the juvenile pat- 
tern mentioned above, the U wave has the 
same polarity as the T wave and the same 
criteria for normality can be applied to both.|) 

The duration of the U 
between 0.02 and 0.34 second, increasing 
with decreasing heart rate. This increase con- 
cerns predominantly the descending branch 
of the U wave, while the ascending branch 
shows only a slight dependence on the heart 
rate. Contrary to the T wave, the ascending 


wave *” ranges 


|| References 7-9 and 12. 


§ References 7-9. 
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branch of the U wave is considerably shorter 
than the descending branch, and only at very 
high rates do the two branches become 
approximately equal in duration. After sud- 
den change in the heart rate it takes a longer 
time for the Q-U duration to attain the value 
corresponding to the new rate than it does 
for the Q-T duration. I have called the grad- 
ual adaptation of an electrocardiographic 
interval to a change in the heart rate 
“hysteresis.” In this case it can be said 
that the hysteresis of the Q-U interval is 
greater than that of the Q-T interval. As 
a consequence, after a sudden long pause, 
such as that which appears after a premature 
systole (Fig. 2B) and in respiratory arrhyth- 
mia, Q-T becomes longer than Q-U and 
there is partial fusion of T with U. On the 
other hand, if the heart rate is falling, as is 
usually the case after the assumption of the 
upright position or at the end of forced 
expiration, the Q-U duration is still short 
while the Q-T duration has already become 
longer; as a consequence, fusion of T with 
U usually appears under these conditions 
(Fig. 3B). After the exercise test the period 
of tachycardia lasts much longer, and so the 
U wave remains separated from T (Fig. 3C). 
On the other hand, if Q-T is already short, 
under the influence of digitalis, it cannot be- 
come much shorter after a short pause, and 
fusion of T and U is likely to appear after 
short pauses (Fig. 2A). 

The best way to explain the U wave is to 
assume that it is caused by after-potentials, 
just as the T wave is caused by the descend- 
ing limb of the action potential of the heart. 
If a fine capillary electrode is introduced into 
the cell without injuring it, it can be seen 
clearly that at rest the myocardial cell is 
positive on the outside and negative on the 
inside. As soon as the resting potential is 
reduced to a certain critical level, the perme- 
ability of the membrane for the positively 
charged sodium ions, which are present out- 
side the cell in a much higher concentration 
than inside the cell, suddenly increases and 
the entrance of sodium into the cell causes 


| References 5 and 6. 
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the potential across the membrane to be tem- 
porarily reversed (that is, it becomes positive 
inside and negative outside during systole). 
This change of potential in turn causes the 
potassium permeability of the membrane to 
be increased, and this causes the positively 
charged potassium ions, which are present 
inside the cell in a much higher concentra- 
tion than outside of it, to leave the cell. This 
exit of potassium gradually restores the rest- 
ing polarity of the cell membrane and causes 
the descending branch of the action poten- 
tial. However, as the potassium ions which 
are diffusing out of the cell at the end of 
systole accumulate outside the cell membrane 
they impede further diffusion of potassium 
ions, so that the resting membrane poten- 
tial cannot be quite achieved until these 
potassium ions either diffuse outside of the 
immediate neighborhood of the cell or are 
reabsorbed into the cell by the active process 
of cellular metabolism during diastole. This 
step in the descending branch of the action 
potential is called the “negative after-poten- 
tial,” since during it the outside of the cell 
is more negative than after a long period of 
rest (Fig. 4). 

The diagram of Figure 4 illustrates how 
normal positive T and U waves in left ven- 
tricular epicardial leads may be conceived to 
originate from a difference in the action and 
after-potentials of subendocardial and sub- 
epicardial muscle layers. The solid curve in 
the upper row of the figure represents the 
potential across the cell membrane in the 
subepicardial muscle layers, which are acti- 
vated later but in which the duration of the 
action potential (and, accordingly, of the 
after-potential) is longer than in the sub- 
endocardial muscle layers, represented by a 
dotted curve. The subepicardial curve is an 
exact copy of the action and after-potential 
registered by Dr. Hecht, of Salt Lake City, 
with an intracellular electrode in the heart 
of the chicken, which apparently has U waves 
most closely resembling those of a human 
heart. The lower row is the difference be- 
tween the two curves of the upper row and 
represents the electrocardiogram as it would 
be registered in a unipolar lead facing the 


epicardial ventricular surface. It can be seen 
that the difference between the ascending 
branches of the action potential corresponds 
to an upright R wave; the difference be- 
tween the plateaus of the action potential 
corresponds to an ascending S-T segment, 
and the difference between the descending 
branches of this potential corresponds to an 
upright T wave, while the difference between 
the descending branches of the after-potential 
corresponds to an upright U wave. This is 
actually the form of the electrocardiogram 
registered in such a lead. 

The second through third figures in the 
diagram of Figure 4 represent a condition 
under which the difference between the first 
and last parts of the ventricle to be activated 
is increased, as in intraventricular conduction 
disturbances and ventricular ectopic beats. 
It can be seen that as the two curves are 
moved further apart the T 
becomes low, then diphasic, and finally com- 


wave at first 


pletely inverted ; at the same time the U wave 
also becomes lower, but it does not become 
inverted until the delay of activation becomes 
considerable. In other words minor delay of 
activation may lead to inversion of the T 
wave while the U wave still remains upright. 
This is exactly what occurs in clinical cases 
of ventricular premature beats or in those of 
bundle branch block. The changes of the 
U wave in these cases, similar to those of 
the T-wave and S-T segment, can be desig- 
nated as “secondary” to those of the QRS 
group. 

Another explanation which has been of- 
fered for the U wave is that it is caused by 
distension potentials of the ventricular muscle 
by the blood which enters it during diastole. 
This distension may be expected to be great- 
est in the region of the heart apex, where 
the ventricular muscle is thinnest and where 
the dynamic force of the moving blood 
would bé strongest. However, as distension 
has been found to cause a negativity of the 
surface of the heart muscle cell, the U waves 
would be expected to be negative in leads 
facing the epicardial surface of the apex, and 
the reverse is actually true. Furthermore, as 
the negative distension potentials were found 
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proportional to the degree of distension, the 
highest U wave potential must be expected at 
the end of diastole and not at its beginning, 
as is actually the case.# Actually, the U wave 
begins during the isometric phase of ventric- 
ular relaxation, when there is no movement 
of the ventricle.’® Finally, the entire existence 
of distension potentials has been recently 
questioned. One important effect of disten- 
sion is that it increases the amplitude of 
the negative after-potentials, and the discrep- 
ancy between the direction of the T wave 
and the U wave which is found in the juve- 
nile T wave pattern, for instance, and which 
cannot be explained by assuming uniform 
negative after-potentials throughout the ven- 
tricle, can be explained by assuming that 
these after-potentials have a greater magni- 
tude at the ventricular apex. 


Among the factors which cause an eleva- 
tion of the U wave we can mention left 
ventricular hypertrophy and thyrotoxicosis,* 
as well as conditions accompanied by a slow 
heart rate (for instance, in athletes). All 
these factors tend to increase also the voltage 


of the T wave. One of the most specific 
factors affecting the U wave is the serum 


potassium concentration. This seems to 
affect the T wave and U wave exactly in 
opposite sense; hyperpotassemia tends to 
increase the voltage of the T wave and de- 
crease the U wave while hypopotassemia in- 
creases the U wave and decreases the voltage 
of the T wave or tends to invert it (Fig. 5). 
As these changes of the U wave are inde- 
pendent of any changes in ORS, they may 
be designated as “primary.” In pronounced 
hypopotassemia the U waves may become so 
tall and pointed that they may be mistaken 
for T waves, and this has led to the current 
concept that a prolongation of the corrected 
Q-T duration is one of the most constant 
signs of hypopotassemia. According to my 
studies with Dr. Surawicz, the true Q-T 
duration is prolonged in hypopotassemia 
only when there are other factors, such as 
hypocalcemia or acidosis, which may ac- 


# References 3 and 4. 
* References 9, 12, and 18. 
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company hypopotassemia. While the purest 
forms of U wave elevation due to hypopotas- 
semia can be found in familial periodic 
paralysis, a similar pattern may appear after 
prolonged diarrhea or vomiting, especially 
if these are treated by infusions of dextrose 
or saline, as well as during insulin treatment 
of diabetic coma. In these cases the polarity 
of the U wave is not affected but only its 
voltage increased ; if U waves were inverted 
with normal serum potassium, they tend to 
become more deeply negative when hypopo- 
tassemia is present. 


The elevation of U waves in hypopotas- 
semia and their decrease in hyperpotassemia 
is due to the corresponding effects on the 
negative after-potential, which have been 
observed in cardiac as well as in skeletal 
muscle and also in nerve.f Earlier I attrib- 
uted the negative after-potentials to the 
persistence outside of the cell membrane 
of the potassium ions which have left the 
cell during the repolarization of this mem- 
brane. If the external potassium concentra- 
tion is high, less potassium will leave the 
cell during this repolarization and more will 
be reabsorbed in diastole ; on the other hand, 
if this concentration is low more potassium 
ions will leave the cell during repolarization 
and their reabsorption will be delayed. 
Hypopotassemia therefore makes the second 
step of repolarization higher at the expense 
of the first and shifts the repolarization 
potentials from the T wave to the U wave; 
hyperpotassemia, on the contrary, makes the 
first step higher at the expense of the sec- 
ond, shifting the repolarization potentials 
from the U wave to the T wave until the 
former disappears completely while the 
latter becomes tall and pointed. In this con- 
nection it is clear that it is not the absolute 
serum potassium level which is responsible 
for the typical electrocardiographic patterns 
of potassium imbalance but the gradient of 
potassium across the cell membrane. 

One of the most constant effects of epi- 
nephrine is elevation and earlier appearance 
of the U wave, which thus tends to climb 


+ References 3 and 6. 
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on the descending branch of the T wave 
(Fig. 6). These changes may be also due 
to hypopotassemia, as they seem to be 
prevented by administration of potassium. 
However, an increase of potassium permea- 
bility caused by epinephrine, which is held 
responsible for a corresponding increase in 
the negative after-potential in the isolated 
heart,t may be also responsible for these 
changes. Similar changes of the U wave 
appearing after exercise or in the upright 
position may be also due to liberation of 
epinephrine. 

Digitalis usually increases the voltage of 
the U wave without changing its polarity 


A high external calcium concentration 
leads to an increased amplitude of the U 
wave as well as of the negative after- 
potential § ; this was attributed to a decrease 
of the potassium permeability of the cell 
membrane.® Part of this effect may be due 
to the fact that a high calcium level shortens 
the Q-T interval and thus makes the U wave 
better visible. On the other hand, when 
ionized serum calcium is low the U waves 
are low and may even disappear completely ; 
part of this effect is due to the increase in 
the Q-T duration, which causes the U waves 
to be absorbed into the T waves. 


Fig. 7.—A, prominent U waves, well separated from the T waves, in a case of arteriosclerotic 
heart disease with auricular fibrillation. B. fusion of T and U in the same case after treatment 
with quinidine. The location of the second heart sound (HS) makes possible the differentiation 
of the two waves. 


(Fig. 7A); part of this effect is caused by 
the fall in the heart rate. Like the corre- 
sponding increase in the negative after- 
potentials in the isolated heart,* this effect 
may be due to an inhibition of reabsorption 
of potassium during diastole, which was 
found to be true of digitalis and was held 
responsible by Verzar for its positive 
inotropic effect. The augmenting effect of 
veratrine on the negative after-potential and 
on the U wave was also attributed to an 
inhibition of potassium reabsorption. 


t References 3 and 5. 


As the negative after-potentials which are 
probably responsible for U waves decrease 
the resting polarization of the cell membrane, 
a smaller electrical potential is necessary at 
this time to reduce this polarization to the 
critical potential, at which the membrane 
charge breaks down and spontaneous excita- 
tion takes place. The after-potentials, and, 
accordingly, the U waves, therefore corre- 
spond to a supernormal phase of ventricular 


excitability.|| The ventricular premature 


§ References 3 and 4. 
|| References 3, 4, 7, and 11. 





a. me. 


beats accordingly appear almost always dur- 
ing the U wave, and the dependence of the 
coupling intervals of these beats on the heart 
rate is approximately the same as the de- 
pendence of the Q-U interval."* All factors 
which increase the amplitude of the negative 
after-potentials and of the U waves accord- 
ingly have been found to increase ventricular 
excitability (e. g., Figs. 6 and 9). The only 
exception is quinidine, which markedly in- 
creases the amplitude of the U wave 
(Fig. 7B) but decreases the ventricular 
excitability. It is probable that quinidine 
causes such a pronounced elevation of the 
excitation threshold that any additional 
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in the automaticity of the myocardium 
caused by so-called prepotentials.{ 

I have mentioned before that under nor- 
mal conditions negative U waves are seen 
only in Lead aVx and in Leads III, aV ,, and 
aVy when the T waves are inverted in these 
leads. In the standard precordial leads and 
in Leads I and II of normal persons the 
U waves are always positive. Frankly in- 
verted U waves in these leads always mean 
an abnormal condition in the heart, although 
this may be of a transient nature. At higher 
heart rates these inverted U waves may 
appear only as a concavity of the diastolic 
base line, upon which the P waves are super- 


Fig. 8.—Upper half, myocardial infarction showing wide inverted U waves in Lead I and two 
types of ventricular extrasystoles. Type B appears during the U wave and has a rapid initial 
section of QRS; type A appears late in diastole, sometimes in the form of fusion beats, and has 
a slow initial section of QRS. Lower half, tall U waves in a case of hypopotassemia, with coupled 
ventricular extrasystoles appearing at the apex of U. 


supernormal phase has no practical signifi- 
cance. While the coupling interval of ventric- 
ular premature beats occurring during the 
U wave increases with decreasing heart rate, 
the coupling interval of extrasystoles oc- 
curring late during systole has no relation 
to the heart rate." These latter extrasystoles 
also have a slow initial component of the 
ORS group, while the extrasystoles oc- 
curring early usually have a rapid initial 
component (Fig. 8). This makes it probable 
that the late extrasystoles are due not to 
after-potentials but to a gradual increase 
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imposed, as in Lead | of Figure 9. We have 
seen that secondary inversion of T in 
ventricular extrasystoles and conduction dis- 
turbances is accompanied by a corresponding 
secondary inversion of U if QRS is wide 
enough and the inverted T waves are deep 
enough. In the left ventricular strain pattern 
inversion of T in left ventricular leads is 
accompanied by frank inversion of U in only 
about 30% to 40% of the cases—according 
to Dr. Surawicz, predominantly in clinically 


{ References 4 and 5. 
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Fig. 9—Isolated negative U waves in left ventricular leads in a case of mild hypertension 
(160/110 mm. Hg), without any complaints but with roentgenological enlargement of the left 
ventricle. The precordial unipolar electrocardiograms, registered at 1% sensitivity, are placed on 
a copy of the chest X-ray in positions corresponding to the location of the leads. 


advanced cases with a poor prognosis.’® 
This can be explained by assuming that in 
these cases the inversion of T and U is 
secondary to delayed conduction in the left 
ventricle; this delay would be expected to 
be greatest in the more advanced cases. On 
the other hand, about 3% of the cases of left 
ventricular hypertrophy with upright T 
waves in left ventricular leads show inverted 
U waves in these leads. In most of these 
cases a slight depression of the S-T segment 
is present, but in some T and S-T are per- 
fectly normal, and the only other abnormality 
may be a deep S in V, and tall R in V5.4 
(Fig. 9). In some cases the isolated U wave 


inversion precedes the development of a 
typical left ventricular strain pattern (Fig. 
10); in others it is found to be the only 
remaining component of this abnormality 
after disappearance of this pattern conse- 
quent to treatment with drugs, salt-free 
diets, or sympathectomy (Fig. 11). In a 
few cases, finally, the isolated U wave inver- 
sion appeared in normal persons only during 
the period of hypertension elicited by infu- 
sion of arterenol {Fig. 12). In all these 
cases the U wave inversion must have been 
a primary one, independent of any changes 
of ORS or T. It could be explained by the 
appearance of positive after-potentials, which 
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have been elicited in the frog heart by high 
intraventricular pressures.* 

In right ventricular hypertrophy inversion 
of U in the right ventricular leads V,-V3 
is much less common than the corresponding 
inversion in left ventricular hypertrophy,# 
but, once it occurs, it can provide a con- 
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phase, while S-T is elevated, but usually 
the U waves are not readily identifiable 
during this phase. In the late phase, when 
T becomes inverted, U remains upright in 
the majority of the cases (Fig. 13) but in 
others it becomes also inverted. When T 
becomes normal again, U usually also be- 


Fig. 10.—Isolated negative U waves in a case of polycythemia with mild hypertension. Four 
years later S-T became depressed and T low while the U wave remained negative. 


venient means of differentiation between an 
inverted T in these leads due to right 
ventricular strain and that appearing in 
normal children and adolescents; the latter 
is never accompanied by inversion of U. 

In myocardial infarction* the U wave 
is sometimes found elevated in the acute 


# References 2, 15, and 17. 
* References 15 and 17. 
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Fig. 11—Elevated T-U junction and 
negative (—+) U waves in a case of 
hypertension treated with reserpine. 
The location of the synchronously reg- 
istered heart sounds (HS) in Lead V; 
indicates that the S-T junction corre- 
sponds partly to the T wave and partly 
to the U wave. 


comes normal, but it may remain inverted 
long after as the only sign of the old infarc- 
tion. In nearly all normals and in most 
angina pectoris patients U waves become 
higher positive after exercise, but in many 
cases of typical angina pectoris U becomes 
inverted during the second through fourth 
minute after exercise; usually there is also 
significant depression of S-T in leads show- 
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ing this U wave inversion, but in a few 
cases T and S-T remain within normal 
limits (Figs. 13 and 14). These primary 
U wave changes can be ascribed also to the 
appearance of postive after-potentials, since 
such an appearance was actually observed 
in the frog heart in old preparations, which 
have been beating for a long time under 
deficient conditions of oxygenation. In 
normal persons even borderline diphasic U 
waves become normal after exercise. Iso- 


lated inversion of U after exercise accord- 
ingly must be considered as the equivalent of 
a positive exercise test.} 

The most impertant diagnostic change 
shown by the U wave is, apart from the 
elevation in hypopotassemia, the isolated 


inversion as the initial sign of either ventric- 


ular hypertrophy and strain or myocardial 


ischemia. This was found by Dr. Palmer *” 
in about 1% of routine electrocardiograms. 
Dr. Rosenbaum recently brought up the 
question of whether the inverted U waves 


+ References 2 and 15-17. 


in coronary heart disease may not be the 
result of left ventricular hypertrophy com- 
pensatory for the myocardial fibrosis; on 
the other hand, it can be suggested that the 
primary U wave changes in left ventricular 
hypertrophy are caused by myocardial anoxia 
subsequent to hypertrophy. Isolated inverted 
U waves have been seen in a few apparently 
normal persons over the age of 80,!° but 
in this case coronary sclerosis can be con- 
sidered responsible. 


Fig. 12.—Appearance of a depressed 
T-U junction in Lead V2 and of di- 
phasic (—+) U waves in Lead Vs in 
a normal young woman during the in- 
fusion of arterenol leading to tempo- 
rary hypertension. 


A frankly diphasic U wave has the same 
significance as an inverted U wave but to 
a lesser degree.*® Diphasic U waves are 
usually of the — + variety,’? and a definite 
diagnosis of these waves can be made only 
if the negative phase extends below the 
level of the P-R segment. Sometimes this 
negative phase is situated so near to the T 
wave that it is difficult to determine whether 
it is an initial negative phase of U or a 
terminal negative phase of T (Fig. 12); in 
this case the pattern can be described as 
a “depressed T-U junction.” In other cases 
the initial part of U seems to be descending 
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Fig. 13.—Forty-six-year-old man with vague precordial pain appearing occasionally, whose 
previous electrocardiogram was reported to be normal and who was therefore sent for a two-step 
exercise test. A, electrocardiogram at rest immediately before exercise, showing inversion of T in 
Leads I and V, through V,, with upright U waves in these leads. B and C, one and two minutes 
after exercise, respectively, showing normalization of the T waves and the appearance of inverted 
U waves in Lead V.. S-T in Leads II-III shows abnormal depression. D, six minutes after 
exercise, showing reappearance of original pattern. E, pattern of acute anterior myocardial infarc- 
tion on the following day. This case shows the need of proper evaluation of the electrocardiogram 
immediately before exercise, which would have made the exercise test superfluous and might have 
prevented the appearance of myocardial infarction. 


but does not reach the level at the beginning 
of ORS, as in Figure 11. These “notched 
U waves” were seen in some apparently 
normal young persons and cannot be con- 
sidered as definitely pathological, although 
they may appear as a precursor of diphasic 
U waves. The same can be said of a U 
wave with an initial isoelectric portion, 
which results in a delayed appearance of 
the apex of U (more than 0.12 second after 
the end of T) and which was considered 
as a minor sign of coronary heart disease 
by Dr. Papp.’® The same interpretation was 
given to complete absence of any recogniz- 


614 


able U waves in all of the standard 12 leads 


of the electrocardiogram. 


Before I close I should like to make a 
plea to all authors of papers illustrated by 
electrocardiograms. In the past, as long as 
the U wave was not considered of sufficient 


importance, electrocardiograms were usually 
cut off at the end of the T wave, to save 
space. Now that we have recognized the 
importance of the U wave it is necessary to 
leave at least the QRS complex of the fol- 
lowing beat, so that the diastolic part of the 
curve may appear in its entirety. 





U WAVE OF ELECTROCARDIOGRAM 


SUMMARY 


Recent progress in the electrophysiology 
of nerve and skeletal as well as cardiac 
muscle makes it probable that the U wave 
is caused by negative after-potentials due 
to potassium ions which have left the cell 
during repolarization and are only slowly 
reabsorbed during diastole. This explains 
the considerable increase in voltage of the 
U wave in hypopotassemia. The increase 
in excitability caused by the after-potentials 
explains the relation between the U wave 
and coupled ventricular extrasystoles. The 
U wave is normally upright in leads showing 
normally upright T waves, but primary 
inversion of T may not affect the U wave. 
In some cases of coronary sclerosis and be- 
ginning left or right ventricular strain, 


> 


Fig. 14.—Inversion of the U wave 
accompanied by depression of S-T after 
exercise, in a case of angina pectoris. 
In this case the pain was localized to 
the jaw, and only the exercise electro- 
cardiogram enabled the diagnosis to be 
changed from trigeminal neuralgia to 
angina pectoris. 





especially after exercise, inversion of the U 
wave in precordial leads facing the affected 
ventricle may be the only abnormal sign. 
Because of their theoretical and diagnostic 
importance, the U waves should be included 
in every routine description and evaluation 
of the electrocardiogram. 
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ABSTRACT OF DISCUSSION 


Dr. Borys Surawicz, Philadelphia: Dr. Lepesch- 
kin has presented a large amount of very interesting 
data. It is only fair to state that Dr. Lepeschkin has 
personally contributed to almost all phases of the 
investigation about the U-wave. The U-wave is a 
small wave, and it is not surprising that different 
observers see and interpret it differently. Dr. 
Lepeschkin has decided to bring together some of 
the physiologists and cardiologists interested in the 
U-wave in order to discuss the concepts and to 
smooth out the controversies. This symposium in 
Burlington in September, 1954, was, for all of us 
who took part, a very interesting and stimulating 
day. 

It will be impossible for me at this time to get 
involved in the fascinating problem of the after- 
potentials, and I shall limit my comments to some 
of the practical aspects of the U-wave problem. The 
main practical problem is the necessity to prove that 
the differentiation between the T-wave and the U- 
wave is of importance in the field of practical elec- 
trocardiography. Dr. Lepeschkin told us that these 
two potentials are related to two different phases 
of myocardial activity and that they behave dif- 
ferently under various experimental and clinical con- 
ditions. An electrocardiogram with a markedly pro- 
longed Q-T interval, as in hypocalcemia, may be 
very similar to a tracing with a normal duration of 
the Q-T interval but a very prominent U-wave if 
the T-wave and the U-wave are merged together. 
The synchronously registered mechanical events will 
usually demonstrate that this similarity is but ap- 
parent. In the case with a long Q-T interval, the 
apex of the T-wave is inscribed during mechanical 
systole ; the onset of the second heart sound and the 
incisure of the carotid artery pulse curve appear 
later than the apex of the T-wave. The shape of the 
arterial pulse curve with a very long crest time 
makes one suspect in such a case a long ejection, 
which indicates a very sluggish contraction of the 
ventricle. In the case with the prominent U-wave 
merging with the T-wave, the apex of the tall wave 
is inscribed during mechanical diastole, after the 
onset of the second heart sound and after the in- 
cisure of the carotid artery pulse tracing. The shape 
of the pulse curve is normal, which suggests a nor- 
mally proceeding ejection. Much remains to be 
learned about the correlation between the mechanical 
and electrical events during the systole and the iso- 
metric relaxation under certain abnormal conditions, 
but there appears to be already present enough evi- 
dence to indicate that the phase of the ventricular 
repolarization (T-wave) and the phase of the after- 
potentials (U-wave) are related to fundamentally 
different conditions of the ventricular myocardium. 


The next practical problem deals with the ques- 
tion how to differentiate between the T-wave and 
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the U-wave in doubtful cases. The presence of two 
peaks does not prove that one of these represents 
a T-wave and another a U-wave, since we may deal 
with a notched T-wave. The amplitude does not 
differentiate between these two deflections, since the 
U-wave is not infrequently taller than the T-wave. 
Both waves may have an almost identical speed of 
slope, and this feature is not a differentiating factor. 
The only way to differentiate the T-wave from the 
U-wave is the timing. Dr. Lepeschkin has mentioned 
some of the commonly used methods: comparison 
with the normal values for the time of appearance of 
the apex of the T-wave or the U-wave corrected for 
the heart rate; timing with the phonocardiogram, 
ballistocardiogram, or an arterial pressure curve, 
and observation of the electrocardiogram after intra- 


venous administration of calcium, which shortens 
the Q-T interval and separates the T-wave from the 
U-wave. 


Finally, I should like to say a few words about 
the negative U-wave as an isolated electrocardio- 
graphic abnormality. I cannot recall having seen 
a negative U-wave as a sole electrocardiographic 
abnormality in a person without heart disease. The 
electrocardiographic exercise test in all such cases 
has been markedly abnormal. One of recent reports 
with a case of myocardial infarction which appeared 
after an exercise test contains a tracing with a 
negative U-wave at rest. Paying attention to the 
shape and polarity of the U-wave may be of 
practical importance. 
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The electrocardiogram is an extremely 
sensitive method of detecting certain types 
of electrolyte imbalance. The form of the 
normal electrocardiogram depends upon the 
normal ionic constitution of the cells and, 
particularly, of the extracellular fluid bathing 
the cardiac cells. Any significant alteration 
in the electrolyte content of this fluid, or in 
the ratio between them, may directly or 
indirectly produce significant electrocardio- 
graphic changes. The electrolytes which may 
produce the most profound effects of the 
electrocardiogram when they deviate from 
their normal levels are calcium and potas- 
sium.* Changes have also been reported 
following alterations in magnesium levels.’ 
A rise or fall of sodium content per se does 
not affect the electrocardiogram, but altera- 
tions in this electrolyte may indirectly 
change the potassium effect by inducing acid- 
base imbalance and by altering the potassium- 
to-sodium ratio.* It should be remembered 
that the electrocardiogram reflects changes as 
they exist in the heart. Although these are 
frequently mirrored by electrolyte altera- 
tions in the serum, electrocardiographic alter- 
ations may also be due to local electrolyte 
changes within the heart itself, which may 
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not be manifested by significant changes in 
the serum electrolytes. 

This paper will be limitéd to a discussion 
of alterations in serum calcium (hypocal- 
cemia and hypercalcemia) and alterations in 
serum potassium (hypopotassemia and hy- 
perpotassemia) and their effects on the 
electrocardiogram. 


ALTERATIONS IN SERUM CALCIUM 


Hypocalcemia.—Hypocalcemia is observed 
clinically as a result of surgical removal of 
the parathyroids, idiopathic hypoparathy- 
roidism, alkalosis accompanying vomiting 
states, diarrhea, steatorrhea, and in uremia. 
When the level of the serum calcium drops 
to a figure below 7 to 8 mg. per 100 cc. of 
blood, an increase in the length of the Q-T 
interval occurs. 

Characteristics of Q-T Segment Prolonga- 
tion Due to Hypocalcemia: The characteris- 
tics of the T wave in Q-T interval prolonga- 
tion resulting from hypocalcemia have been 
discussed by various observers.f In pure 
hypocalcemia, prolongation of the Q-T seg- 
ment involves only the segment between the 
ORS and T wave proper and consists of a 
lengthening of the isoelectric line between 
these two deflections (Fig. 1). With low 
calcium levels, the Q-T interval is prolonged 
sometimes to almost twice its normal value 
and the T waves are occasionally inverted. 
The degree of Q-T interval prolongation 
parallels closely the lowering in the serum 
calcium, and the prolongation disappears 
as the serum calcium returns to normal. 
The lengthened Q-T intervals may be im- 
mediately, although transiently, brought back 
to normal by the intravenous administration 
of calcium (Fig. 18). This pattern can 
usually, but not invariably, be differentiated 
from hypopotassemia. I have encountered 


+ References 1, 9, 11, and 36. 
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Fig. 1—Hypocalcemia. A, white woman aged 56. 
Diagnosis, idiopathic hypoparathyroidism. Upper 
strip, April 23. Serum calcium 2.8 mEq/L., serum 
phosphorus 6.2 mg/100 cc. Q-T interval 30% 
above predicted normal value. Note that the iso- 
electric period between the end of the S and T 
wave is lengthened. Lower strip, May 16. After 
treatment serum calcium 4.0 mEq/L. Q-T interval 
in the normal range. B, white man aged 40. Diag- 
nosis, glomerulonephritis with azotemia, renal rick- 
ets (confirmed by necropsy). (a) Lead I. Q-T 
interval prolonged 57% above predicted normal. 
Serum calcium 2.1 mEq/L. Twenty cc. of 10% 
calcium gluconate was given intravenously, and 
tracings were taken at intervals of 30 seconds. 
(b) One and one-half minutes after calcium. 
Note decrease in length of the Q-T interval and 
less inversion of the T wave. (c) At two minutes 
the Q-T interval is slightly less prolonged than 
in b. (d) Fifteen minutes after injection of calcium. 
The Q-T interval increased to 47% above pre- 
dicted normal, which is only slightly below that 
of the control (a). 


tracings in patients with alkalosis associated 
with vomiting states in which it is difficult 
on the basis of the electrocardiographic find- 
ings alone to differentiate the Q-T prolonga- 
tion resulting from these two types of elec- 
trolyte disturbances. When 
deficiency of calcium and potassium are pres- 


simultaneous 


ent, the configuration of the T waves and 


the ST segments is frequently atypical. 


IMBALANCE 


The lengthening of the Q-T segment in 
hypocalcemia is often accompanied by length- 
ening of mechanical systole as determined by 
the time interval between the first and second 
sounds. In hypopotassemia only the electrical 
systole is prolonged; mechanical systole is 
usually unaffected.t 

Effect of Calcium Administration: The 
intravenous administration of calcium gluco- 
nate, 10 to 20 cc. of a 10% solution, will 
result in more or less complete disappearance 
of electrocardiographic evidence of hypo- 
calcemia. This effect is transient, and it is 
observed within about one to two minutes 
after the administration of calcium gluconate, 
with a return to the hypocalcemic configura- 
tion in about five to eight minutes. In four 
patients with hypocalcemia, no significant 
alteration in the T wave was observed follow- 
ing the administration of calcium when the 
T wave, prior to calcium administration, 
was upright. However, when the T wave 
was inverted during the period of hypocal- 
cemia the inversion tended to become less 
deep after calcium administration (Fig. 1 B). 

The administration of calcium does not 
alter the Q-T segment prolongation due to 


hypopotassemia, nor does administration of 
potassium alter the Q-T prolongation due 
to hypocalcemia.’ These electrolytes are ap- 


parently specific in compensating for their 
own deficiency, as demonstrated electro- 
cardiographically. It is of some interest that 
in combined calcium and potassium deficits 
the usual evidence of nervous irritability due 
to hypocalcemia may not be observed. How- 
ever, after potassium administration the 
tetany of hypocalcemia becomes manifest. 

Hypercalcemia. — Hypercalcemia is ob- 
served in hyper- 
parathyroidism, hypervitaminosis D, nephri- 
tis, multiple and transiently 
following the intravenous administration of 


primary or secondary 


myeloma, 


calcium, as in the cases mentioned above. 
During this state the Q-T interval is short- 
ened below its normal value; this returns 
to normal with the return to a normal serum 
calcium level. For example, after the admin- 
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Fig. 2.—Effect of hypercalcemia on the Q-T segment. 4, patient 48 years of age (see text) 
who had been vomiting for two days owing to upper intestinal obstruction. Note low amplitude 
of the T waves in CRz and CRs followed by U waves of lower amplitude (potassium 2.9 
mEgq/L.). B, control CRs, following which 10 cc. of a 10% solution of calcium gluconate was 
administered in 30 seconds, followed immediately by a similar dose in 30 seconds. Note the 


marked 


shortening of Q-T segment and increased amplitude of the U wave. This alteration 


gradually returned to the control status in about 15 minutes. C, after administration of potas- 
sium chloride (150 cc.) note gradual return of T wave to a normal configuration (potassium 


5.5 mEq/L.) 


istration of 20 cc. of a 10% solution of 
calcium gluconate the serum calcium level 
may acutely increase to about 20 mg. per 
100 cc. of blood. The markedly shortened 
Q-T interval is usually followed by a promi- 
nent U wave (Fig. 2B). Occasionally, par- 
ticularly in diseased hearts, extrasystoles, 
paroxysmal tachycardia, and even death may 
result.§ 


ALTERATIONS IN SERUM POTASSIUM 


The subject of hyperpotassemia and hypo- 
potassemia has recently assumed consider- 
able importance because of (1) the recogni- 
tion of the number of conditions in which 


alterations in the concentration of this 
electrolyte occur within the body, (2) the 
serious disturbances that occur when the 
serum potassium is abnormally high or low, 
(3) the rather simple method by which 


§ References 12 and 13. 
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alteration in the serum potassium may be 
detected in the electrocardiogram and con- 
firmed by flame photometry, and (4) the 
almost immediate and complete reversibility 
of this process following restoration of the 
potassium concentration to normal by the 
administration or removal of potassium. 


HypoporTaSSEMIA 


Five hundred electrocardiograms in 125 patients 
with the following disorders were studied: (1) dia- 
betic acidosis, (2) vomiting due to intestinal ob- 
struction, (3) inanition due to various causes, 
(4) fluid loss associated with ulcerative colitis, (5) 
prolonged administration of parenteral fluids with- 
out potassium, (6) salt-losing nephritis, and (7) 
miscellaneous group (familial periodic paralysis, 
administration of adrenocorticotropic hormone). 
Serial tracings in these patients with hypopotas- 
semia correlated with the serum potasstum and 
other electrolyte levels before, during, and after 
treatment. The three limb, three unipolar limb, 
and six precordial leads (CR: to CRs or V: to Ve) 
were used for this study. The effect of the ad- 
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ministration of calcium and potassium on these 
changes was determined. In addition, in a series 
of eight normal patients, the muscle electrolytes 
(sodium, potassium, and chloride) were correlated 
with those in the serum. Further, in a series of 
six patients with metabolic alkalosis and in four 
dogs with hypopotassemia produced by desoxy- 
corticosterone acetate the muscle electrolytes were 
obtained during various stages of electrolyte im- 
balance and correlated with the serum electrolytes 
and the electrocardiogram. The chloride space 
method was used to obtain the intracellular levels 
of potassium and sodium in terms of blood-free 
fat-free wet muscle. 


Electrocardiographic Changes in Hypo- 
potassemia.—The general effects of hypopo- 
tassemia in the electrocardiogram are as 
follows: 1. The P wave may be increased 
in amplitude in the presence of a fast rate 
owing to superposition of the preceding U 
on the P wave. 2. The amplitude of the 
ORS complexes, which apparently depends 
upon the ratio between the intracellular and 
extracellular potassium, is increased in hypo- 
potassemia. This tends to return to normal 
when the deficit is corrected. 3. Alteration 


of the repolarization phase is shown in the 


following manner: (a) prolongation of the 
ST portion of the Q-T segment; (0b) in- 
creased amplitude of the U wave, resulting 
in an apparent prolongation of the repolariza- 
tion phase (ST and ST-U segments). 4. The 
amplitude of the U wave is increased and 
is often superimposed on the terminal por- 
tion of the T wave. In such instances it is 
difficult to determine where the T wave ends 
and the U wave begins. 5. ST and T wave 
changes occur which consist of ST segment 
depression and T wave inversion. These are 
the result of functional and/or organic car- 
diac alterations, particularly marked in the 
subendocardial zone. 6. Arrhythmias, par- 
ticularly supraventricular, tend to appear. 

Electrocardiographic Patterns Observed 
in Hypopotassemia: There is no single elec- 
trocardiographic pattern which may be said 
to be pathognomic of hypopotassemia. The 
alterations in the electrocardiogram in this 
state are confined chiefly to the T wave, 
ST segment, and ST-U interval. A promi- 
nent U wave is of additional diagnostic 
import and will be discussed below. In all, 
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four electrocardiographic patterns with sub- 
groups were observed. However, about 80% 
of the patients manifested Patterns 1 and 2; 
the remainder showed Patterns 3 and 4 (see 
below). The following characteristic pat- 
terns were observed: 

Pattern 1 (Fig. 3) consisted of a depres- 
sion of the ST segment accompanied by a 
lengthening of the repolarization phase (ST 
segment and extension into the U wave) 
and an increased prominence of the U wave. 
The latter usually became the major positive 
deflection, thus giving the ST-U segment 
a diphasic configuration. In some of these 
cases, the end of the T wave could be clearly 
demarcated, thus giving the impression of 
a prolonged Q-T interval; in others, the 
exact termination of the T wave was difficult, 
and at times impossible, to determine. The 
degree of ST segment depression and promi- 
nence of the U wave varied in general with 
the degree of hypopotassemia. The ST de- 
pression became more marked ; in the severer 
grades, the initial depressed portion of the 
ST segment resembled an inverted T wave 
(Fig. 3Ic). 

Pattern 2 consisted of T wave inversion 
of various types and degrees accompanied 
by ST prolongation, or prolongation of the 
repolarization phase, which extends to and 
probably often includes a prominent U wave. 
Often the end of the T wave could not be 
clearly determined. The T wave inversion 
was of three types: (a) In one type the in- 
verted T wave manifested a slight elevation 
of the initial portion of the ST segment 
followed by terminal downward dip; this 
T wave pattern resembles closely that seen 
in acute pericarditis with subepicardial myo- 
carditis, during transient episodes of coro- 
nary insufficiency, and in certain types of 
myocardial infarction (T waves in flux). 
(b) The inverted T waves manifested little 
or no deviation from the isoelectric line, 
and, except for apparent prolongation of the 
QT segment, resembled the inverted T waves 
seen in various types of myocardial disease. 
(c) The inverted T wave with a OT seg- 
ment of normal length was followed by a 
prominent U wave. There was no evidence 
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Fig. 3—Semidiagrammatic representation of electrocardiographic changes of various patterns 
observed in hypopotassemia drawn to scale from actual tracings. The tracings represent the 
precordial Leads CR, or CRs. Pattern 1 shows varying degrees of ST segment depression (Ja, 
b, and c) which in the most extreme case (/c) gives the impression of an inverted T wave. 
(a) ST segment depression (slight) with slight Q-T prolongation. (b) ST segment depression 
of an inverted T wave. The terminal portion represents an upright U wave. Pattern 2 repre- 
sents various types of inverted T waves (see description in text). Pattern 3 shows different 
types and degrees of upright T waves accompanied by Q-T prolongation. In J//c the pro- 
longed isoelectric period is the result of hypocalcemia. The administration of calcium shortened 
this segment but did not alter the configuration of the T waves. In Pattern 4 note the upright 
T waves followed by U waves of various types and amplitude which tended to obscure the 
actual termination of the T wave. (a) Note upright wave (T wave) followed by two U waves. 
(b) A T wave of relatively normal amplitude which is notched; the second portion probably 
represents a U wave. Note that the amplitude of the U wave is equal to that of the T wave. 
The end of the T wave proper is impossible to determine in this case. (c) Note that the 
amplitude of the T wave is exceeded by that of the U wave. (d) Note that the initial wave 
(T wave) is followed by a U wave which is almost equal in amplitude to that of the T wave. 
In this case the downstroke of the T almost reaches the isoelectric line. As potassium was 
administered the T wave increased in amplitude and the U wave showed a corresponding 
decrease and tended to disappear. 
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Fig. 4—White woman aged 34. This patient had been vomiting for a week, the result of 
chronic alcoholism. A, potassium was 1.0 mEq/L. Note the lengthening of the repolarization 
phase with an upright T wave. The initial portion of the ST segment is slightly depressed. 
Esophageal leads show a 2:1 A-V heart block with an auricular tachycardia. The auricular 
rate is 176 per minute, and the ventricular rate is 88 per minute. B, two hours after 4.2 gm. 
of potassium chloride had been given. Note depression of the ST segment in Leads II and 
III and the slight inversion in Leads V, and V;. Esophageal lead, after 1.4 gm. of potassium 
chloride, shows abolition of auricular tachycardia; 1:1 response is observed. C, after 11 gm. 
of potassium chloride had been given in eight hours. Note the length of ventricular depolariza- 
tion and, particularly, the inverted T waves in the precordial leads. D, two days later, the 
tracing has returned to normal. 

The patterns in this patient illustrate the following points: Pattern 3 is present in A in 
addition to auricular tachycardia; B shows Patterns 1 and 2, namely, marked ST segment 
depression and inverted T waves, and C shows Pattern 2 (inverted T waves). 


of myocardial infarction or other causes of 
the T wave inversion; these subjects pre- 
sented the same clinical picture as the other 
group, and the changes immediately re- 
verted to normal following potassium ad- 
ministration. 

Pattern 3 consisted of an upright T wave, 
the amplitude of which was normal or 
slightly below or slightly above normal. The 
repolarization phase was apparently pro- 


longed, and the T wave occupied the entire 
OT segment, extending from the beginning 
Oc- 


observed 


of the S to the end of the T wave. 


casionally, this ST segment was 


to have a U wave in its terminal por- 


tion. In a few, no distinct U wave could 
(limb and 
the U 

were observed only in the transitional zones 
of the chest leads, i.e., CRe and CRs or Ve 
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be observed in any lead pre- 


cordial), whereas in many waves 
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and V3. There was usually no isoelectric 
period between the S wave and the initial 
ascent of the T wave. When a significant 
isoelectric period was seen, hypocalcemia 
was usually associated with the hypopotas- 
semia (Fig. 3 //Ic). 

Pattern 4 was characterized by upright 
T waves (occasionally by inverted T waves) 
followed by U waves of various types which 
tended to obscure the actual termination of 
the T wave. Four main subdivisions in this 
category are illustrated in Figure 3/V: 
(a) The low-amplitude T wave followed by 
two U waves (U; and U2) whose amplitude 
was almost equal to that of the preceding T 
wave. Following potassium administration, 
the U waves disappeared and the amplitude 
of the T wave increased. (b) A T wave of 
relatively normal amplitude is notched at 
its peak, the second elevation probably rep- 
resents a U wave. Note that the amplitude 
of the U wave is equal to that of the T wave ; 
the end of the T wave proper is impossible 
to determine in this case; this type may be 
called an ST-U wave. (c) The amplitude of 
the T wave is exceeded by that of the U 
wave. The actual termination of the T wave 
cannot be determined in this pattern. (d) 
The T wave is followed by a U wave which 
is almost equal in amplitude to that of the T 
wave. In this case, the downstroke of the 
T almost reaches the isoelectric line. As 
potassium was administered the T wave in- 
creased in amplitude and the U wave showed 
a corresponding decrease and tended to dis- 
appear (Fig. 6B). 

Occasionally, one could observe the vari- 
ous patterns mentioned above in the same 
patient during various stages of hypopotas- 
semia. (Fig. 4). 

It was of some interest to follow the evolu- 
tion of the T wave changes accompanying 
hyperpotassemia and hypopotassemia in the 
same patient. This could be best accom- 
plished in diabetic acidosis where, in a few 
hours, one could observe the entire gamut 
of change, from the T wave changes ac- 
companying hyperpotassemia through the 
changes of normal serum potassium to those 
of hypopotassemia.”* 
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Relation Between the T Wave, ST-U Seg- 
ments, and Corresponding Electrical Events : 
Before discussing the various patterns and 
abnormalities of the ST, TU, and U waves 
in hypopotassemia, it might be well to discuss 
the significance and limitations in the label- 
ing of these deflections. Of particular impor- 
tance is the relative length of the Q-T 
segment and the significance of the U wave 
in this state. By so doing, we may clarify 
and reconcile some of the disagreements that 
exist relative to the description of these 
patterns by various observers.| 

Q-T segment and T waves. The Q-T 
segment, which has been called electrical 
systole, consists of two phases, the QRS 


‘a 











a 


Fig. 5.—Semidiagrammatic representation of Lead 
V;, showing fusion of T and U waves. Note the 
notch in between the T and U wave. The exact 
termination of the T wave cannot be determined 
in this pattern. Dotted lines are drawn from the 
base of the downstroke indicating the possible 
termination of the T wave. 


segment (ventricular depolarization) and the 
T wave (ventricular repolarization). The 
end of the T wave denotes the termination 
of ventricular repolarization. For example, 
Ashman and Hull *® define the Q-T interval 
as indicating “the time from the beginning 
of inversion of the ventricles by the impulse 
to the time of complete return of all parts 
of the ventricle to the resting polarized 
state.” The length of the Q-T segment is 
usually considered to be the measurement 
of the longest Q-T segment which can 
accurately be measured in any given lead 


|| References 14, 16-18, and 36. 
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(usually observed in the precordial leads, 
Ve to V4). In normal subjects, the T wave 
is usually clearly defined as to its beginning 
and termination. However, in certain disease 
states, and more especially in hypopotas- 
semia, the configuration of the ST, T, and 
U segments are so distorted that the accurate 
measurement of these deflections is difficult. 
The difficulty encountered in measuring the 
Q-T interval and the tendency for the U 
wave to resemble a peak of a T wave is 
further illustrated in Figure 5. Consecutive 
cycles show an inversion of the T wave with 
a prominent U wave followed by cycles 
characteristic of a prolonged Q-T segment 
where the U wave is not clearly identifiable. 
When one 12 leads, one may find that 
in some of them the Q-T segment 
appear to be relatively shorter than in others. 
This is often due to the appearance of a 
deflection superimposed on, or following, 
the T wave. 
it is of importance to consider which repre- 
sents the true Q-T interval. Does the end 
of the T in the shorter interval, 

that of the longer interval Q-T-U signify 
the end ventricular repolarization ? 
point is of practical importance in such states 


takes 
may 


wave and the U In such cases 


wave, 


This 


as hypopotassemia, because during this state 


the ST segments, T waves, TU segments, 
and the U waves are altered and bizarre. 
May not the end of ventricular repolarization 
extend into and include part of the U wave? 

The “short” Q-T segment. This problem 
may be attacked in another manner. Let us 
study the conditions that give rise to so- 
6.—D. Diagnosis, 


Fig. K., man aged 60. 


fluid loss due to vomiting for three days prior to admission. 
prominent U waves in the control tracing, particularly marked in the precordial leads. B, 
after potassium therapy (potassium 4.1 mEq/L.) ; 
The configuration of repolarization phase and Q-T 


days later, 
wave has disappeared. 
normal. 
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called “short Q-T segments,” namely, digi- 
talis and hypercalcemia. Control electro- 
cardiograms were taken in patients who had 
never received digitalis. They were then 
digitalized slowly by the administration of 3 
grains (180 mg.) of the powdered leaf per 
day. Daily electrocardiograms were obtained, 
and the changes in the T waves and the ST 
and U wave were carefully followed until the 
“ST segments were shoriened.” Although 
similar changes were observed in the presence 
of abnormal electrocardiograms, they were 
more clearly followed in those where the 
control electrocardiogram showed upright T 
waves. The following observations were 
made: Following the decrease in the ampli- 
tude of the T wave, the ST segments became 
depressed. As this depression became more 
marked, the ST segment began more and 
more to assume the appearance of an inverted 
T wave. However, as the serial electrocardio- 
gram was followed when the control cycle 
was superimposed over that with the short 
Q-T segment, an interesting point became 
apparent: Only the segment between S wave 
and the peak of the original T wave was 
involved in this inversion. The apex of the 
T wave remained in its original position. 
The portion of the T wave situated beyond 
the peaks (represented by the downstroke of 
T) was distorted hy a prominent U wave 
and T-P line, which gradually sloped down- 
ward to the next P wave. The end of 
mechanical systole, as represented by the 
second heart sound, is situated beyond the 
so-called T wave. Does the end of the short 


with 
Note 
two 
the previously prominent U 
interval is now 


head of the pancreas, 
A, potassium 2.1 mEq/L. 
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Fig. 7—A. L., aged 16, familial periodic paral- 


ysis. A, control before induction of attack. The 
serum potassium was 4.4 mEq/L. B, two and one- 
half hours after induction of attack. Patient had 
typical evidence of periodic paralysis. Potassium 
was 2.9 mEq/L. Note alteration in the configura- 
tion of the ventricular repolarization interval, with 
change in T waves and presence of prominent U 
wave which has become elevated. C, five hours after 
induction of attack. After 200 cc. of isotonic potas- 
sium chloride had been given by mouth and 500 cc. 
by clysis, electrocardiogram returned to normal. 
The paralysis had disappeared. The potassium was 
44 mEq/L. 


segment as represented by the T-wave-like 
appearance of the ST segment represent the 
end of ventricular repolarization or does this 
extend beyond it into the U wave and the 
T-P line? (Fig. 9.) 
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In hypercalcemia (Fig. 2B) the Q-T seg- 
ment is markedly shortened by the appear- 
ance of an extremely narrow ST segment 
and T wave. Following the T wave, the U 
wave becomes more prominent. Does the 
end of the short Q-T segment signify the 
end of ventricular repolarization or does it 
extend into the U wave? (Fig. 2B.) 

In these instances the use of the term 
“short Q-T segment” is justifiable in a re- 
stricted sense only. May not they be produced 
by acceleration of repolarization in some por- 
tions of the heart but not others? If this is 
true then the use of the term “short Q-T 
segments” in these states does not have the 
same significance as when it is applied to 
normal heart, since the S-T portion does 
not represent the entire period of repolariza- 
tion. 

Summary of the Relative Significance and 
Nomenclature of the Q-T, ST, T, and U 























K=3el mEc/L 
Fig. 8.—Patient with hypopotassemia (serum 
potassium level 3.2 mEq/L.) who had been re- 
ceiving adrenocorticotropic hormone. Lead CRs; 
showing successive cycles with Q-T interval pro- 
longation and others with inverted T wave followed 
by a U wave. Note that length of Q-T segment 
and Q-U interval are identical. 


Wave Deflections in Hypopotassemia: The 
comments made above indicate that in hypo- 
potassemia significant and rather character- 
istic alterations occur in the segment from 
the end of the S wave to and including the 
U wave. These changes are more marked 
in the severe grades of hypopotassemia. 
In many instances considerable difficulty 
exists in the labeling of these deflections, 
particularly in relationship to the electrical 
events that take place in the normal heart. 
Because of the marked alterations in the 
configuration of these deflections and the 
relatively few reliable data that are available 
relative to the pathophysiological changes 
taking place at that time, it should be 
emphasized that considerable limitations 
exist in the labeling of these deflections. For 
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Fig. 9.—Effect of digitalis on the T wave and 
ST segment in the presence of a normal electro- 
cardiogram (Lead II) (see text). A, normal con- 
trol. B to F show the effects of digitalis. The 
T wave on the control tracing (dotted) is 
superimposed on the serial tracings to show the 
relation of the changes to the control. 2, note the 
diminution of amplitude of the T waves and be- 
ginning depression of the ST segment. C, the ST 
segment is depressed still further. Note that the 
peak of the T wave in the control tracing cor- 
responds to the peak of the ST segment in this 
lead. However, the portion between the S wave 
and the peak of the T appears to be depressed. 
D, same as C except for the beginning impression 
of an inverted T wave. E, note that although the 
T wave appears to be inverted this includes only 
the portion of the S wave to the peak of the 
T wave. F, the impression of an inverted T wave 
is more marked, but the inverted portion, the so- 
called “shortened Q-T segment,” actually extends 
from the end of the S wave to the peak of the 
T wave and does not include that portion of the 
T wave following the peak. 


example, it is difficult, if not impossible, to 
label the actual end of the T wave and to 
determine the end of ventricular repolari- 


ELECTROLYTE 


IMBALANCE 


zation in many cases. At the present time 
the significance of these changes depends 
largely on empiric methods. Each case 
should be examined in the light of the clin- 
ical, pathological, and chemical changes and 
the results obtained by therapy. At the pres- 
ent time it is felt that it is best to describe 
these changes as occurring in the form of 
certain patterns involving the phase of ven- 
tricular repolarization and extending to and 
including the ST and ST-U segments. The 
final settlement of this problem awaits inves- 
tigation of this subject by the experimental 
physiologist, probably by the study of the 
electrocardiogram of a single cell. 

Relation Between Alteration in the Q-T 
and Q-U Segment and Degree of Hypo- 
potassemia : The diagnostic patterns of hypo- 
potassemia were most characteristic at lower 
serum levels (below 3.0 mEq./I.) Correla- 
tion between the level of serum potassium 
and the electrocardiographic patterns ob- 
served was found to be highly significant 
when sequential changes in an individual 
patient were considered. However, the cor- 
relation is not as definite for similar blood 
levels in different subjects. This point can 
be appreciated, since the electrocardiographic 
alterations depend upon a multiplicity of 
factors, which may vary from patient to 
patient (see below). 

Electrolyte Alterations Associated with 
Hypopotassemia and Hyperpotassemia: Hy- 
popotassemia is usually associated with alka- 
losis (there is an increase in pH, an increase 
in serum sodium, low phosphate, occasionally 
a lowered calcium, and a high COvs-com- 
bining power). Hyperpotassemia is usually 
associated with acidosis (the pH is usually 
low; the sodium may be normal or low; 
there is an increased chloride and a low 
COs-combining power). 
patterns may affect the electrocardiogram 
directly or indirectly by altering cardiovas- 
cular function. A low sodium level enhances 
the toxic potassium effect; a low calcium 
level enhances a toxic potassium effect,f 
whereas a high calcium level tends to mini- 
A low 


These chemical 


mize the toxic potassium effect. 


SS ae 
{ References 20 and 21. 
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serum potassium level associated with a low 
calcium level is occasionally observed with 
alkalosis, and the combination of these effects 
may be demonstrated in the electrocardio- 
gram. Since calcium is a pharmacological 
antagonist to potassium, a low calcium level 
in the presence of a low potassium level 
would be relatively less dangerous than a 
high calcium level with a normal potassium 
level or a high potassium level with a normal 
or a low calcium level. Hypercalcemia has 
been produced in the presence of a low potas- 
sium level following calcium administration. 
Multiple ectopic beats were noted at the 
height of the calcium effect (at a serum level 
of 20 mg. per 100/cc. of blood). 

Cause of T Wave and ST Segment 
Changes: Although comparisons are often 
made between the serum potassium and the 
electrocardiographic alterations, it should be 
emphasized that the electrocardiogram and 
the chemical values do not measure similar 
effects. The electrocardiogram measures a 
totality of many different factors: (a) the 
effect of the electrolyte alteration, per se; 
(b) the effect of other electrolytes and other 
ions in relation to potassium, i. e., sodium, 
calcium, phosphate, the presence of alkalosis 
or acidosis, and the modification of the chem- 
ical pattern accompanying each of these 
states, and (c) the clinical state of the 
patient, which is influenced by many factors, 
e. g., the preceding degree of cardiac damage, 
duration of the electrolyte imbalance, the 
presence of hypotension or shock-like state 
or anoxia and the resultant disturbance in 
circulatory function. It is apparent, therefore, 
that the electrocardiogram and the serum 
potassium level measure different things ; the 
electrocardiogram is affected not only by the 
alteration in serum potassium but also by 
the disturbance produced on the heart by this 
state; at times it is the electrolyte alteration 
that is the predominant factor; often it is a 
combination of both. 

Another point needs emphasis, namely, 
that the return to normalcy of the tracing 
after administration of potassium does not 
necessarily mean that the original abnor- 
malities were due to a deficiency in this 
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electrolyte alone, since potassium will change 
an inverted and frequently a diphasic T wave 
or ST segment depression, whether or not 
they were due to hypopotassemia, to an up- 
right configuration. The effect of potassium 
administration in changing the tracing to a 
more normal configuration is suggestive but 
not positive proof that the original changes 
were due solely to that electrolyte. 

Simulation of Electrocardiographic Pat- 
terns of Hypopotassemia by Various Disease 
Processes: Alterations in the ST, ST-U 
segment, while occurring in the presence of 
hypopotassemia, may be produced by, or 
simulated by, many other disease processes. 
The ST segment and T wave changes may 
be observed in the presence of subendocardial 
infarction, acute ischemic processes, and 
acute pulmonary infarction. In addition, 
alterations in the Q-T segment have been 
observed in hypertensive cardiovascular dis- 
ease and myocarditis, in the presence of 
myxedema and pulmonary embolism, during 
emergence from Stokes-Adams seizures and 
avitaminosis,’ following the administration 
of quinidine, and following cerebrovascular 
accidents.# Occasionally, these alterations in 
the repolarization phase occur without 
known cause. 

Does the Electrocardiogram of Hypo- 
potassemia Correlate with the Extracellular 
or Intracellular Potassium?—The study of 
the intracellular and extracellular chemical 
anatomy in normal persons and in various 
disease states associated with metabolic alka- 
losis has been made in an attempt to correlate 
the electrocardiographic findings with the 
potassium concentration in the serum and 
skeletal muscle. Serum was used to study 
the extracellular phase, and deltoid muscle 
biopsies were obtained to investigate the 
intracellular phase. Electrocardiograms were 
obtained concurrently. The chloride space 
method was used to separate the extra- 
cellular from the intracellular phases of the 
tissue electrolytes. These patients were stud- 
ied at the peak of the illness during electro- 
lyte imbalance and after recovery. 


# References 22 and 23. 
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Fifteen muscle biopsies were performed 
in normal subjects with normal potassium 
values. The mean potassium content was 91.6 
mEq/kg. (deviation+15 mEq.) (Table 1). 
With use of the same method, 11 estimations 
were made of the muscle potassium in six 
patients with metabolic alkalosis. All six of 
these patients had a low serum potassium 
and an electrocardiographic pattern that was 
quite characteristic of this state. Although 
the mean potassium content of the skeletal 
muscle was slightly lower than in the normal 
controls, the values varied within a consider- 
able range (standard deviation, 21.6 mEq.). 
The data show that in many instances the 
skeletal muscle potassium level was similar 


TABLE 1.—Values of Serum and Muscle Electro- 
lytes in Normal Persons 





Electrolytes in 
Blood-Free 
Fat-Free. 

Tissue, mEq./Kg. 
Patient’ K Na Cl. K Na 

4.1 138 104.6 99.5 29.0 

141 115.7 89.7 46.8 

4.9 144 107.2 79.0 68.1 

146 101.5 94.6 38.4 

146 102.6 96.1 19.0 

146 99.8 85.7 36.0 

138 94.5 100.6 32.8 

147 100.6 82.8 53.0 

148 98.8 88.7 40.3 

98.9 86.7 41.8 

95.7 94.9 56.1 

92.9 80.3 67.8 

4.10 3: 99.1 102.2 26.9 

3.69 f 96.0 105.8 39.1 

4.0 f 96.0 88.0 58.3 


4.44 100.2 91.6 40.9 


Serum Electrolytes, 
mEq./L. 
A. 
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to, and in some instances slightly greater 
than, that in many of the normal control 
values (Table 2). We were unable, therefore, 
to establish a definite relationship between 
the skeletal muscle potassium content and 
the electrocardiographic deviations in most 
instances. This is not surprising, since there 
is evidence which suggests that heart muscle, 
because its metabolic activity is greater than 
that of skeletal muscle, handles potassium 
somewhat differently. 

Attempts at correlation of the electro- 
cardiogram with intracellular potassium 
values as determined in the skeletal muscle 
involve many difficulties: 1. An intracellular 
potassium deficit, which may range from 
about 10 to 30 gm., is unequally distributed 
in various body tissues, although most of this 
deficit is said to occur in the skeletal muscle. 
The distribution in the skeletal muscle is not 
necessarily uniform, and there probably is a 
difference in the potassium content of the 
skeletal and cardiac muscle.** 2. The potas- 
sium deficit in the tissues represents but a 
small fraction of their total potassium con- 
tent, so that errors in technique or in chemi- 
cal estimation would be greatly magnified. 
For example, intracellular potassium content 
of the adult totals 4000 to 5000 mEq. (160 to 
200 gm.), while that of the interstitial tissue 
and blood plasma is about 70 to 80 mEq. 
(2.7 to 3.0 gm.). A tissue potassium deficit 
of the magnitudes usually encountered rep- 
resents but a small fraction of the total, 
whereas that of the extracellular fluid con- 


Values of Serum and Muscle Electrolytes in Six Patients with Metabolic Alkalosis 


Serum Electrolytes, mEq./L. 
A. 


Electrolytes in Blood-Free 
Fat-Free Tissue, mEq./Kg. 
CEE ADEE BEI 





Diagnosis 
Alkalosis 
Alkalosis due to vomiting 


Congestive failure; salt- 
losing nephritis 

Associated with vomiting 
of pregnancy 

Pylorie obstruction 
vomiting 

Alkalosis due to sodium 
lactate therapy 


; ——— 
K Na y K Na Cl 
3.0 151 113.3 38.5 24.7 
3.7 152 91.3 55.6 39.5 
3.3 146 98.2 35.0 20.1 
1.85 142 77.8 45.9 27.0 
3.35 146 99.5 51.1 22.6 
3.0 138 J 84.8 42.1 35.9 
3.4 

2.94 


3.25 


1.9 





A.omt, wd. 


stitutes a large proportion of the total (25% 
to 50% or more). 

Comparison of the ratio of intracellular 
to extracellular potassium and the electro- 
cardiogram failed to reveal a definite rela- 
tionship. From the available data as well 
as from the above considerations, it would 
appear to me that the electrocardiographic 
patterns in hypopotassemia are correlated 
better with the serum potassium than with 
the intracellular potassium. 

Apparent Cause of Failure of Correlation 
Between Serum Potassium Levels and Elec- 
trocardiographic Abnormalities. — Various 
factors may be operative which tend to make 
correlation between the electrocardiogram 
and serum potassium values difficult ; others 
tend to obscure the electrocardiographic evi- 
dence of hypopotassemia. They include the 
following: A. The normal limit of the serum 
potassium range is usually considered to be 
between 3.5 and 5.5 mEq/L. In those cases 
in which the normal serum value is, for 
example, 5.5 mEq/L., a value of 4.0 or 
3.8 mEq/L. may be relatively low and there- 
fore may show electrocardiographic changes 
of hypopotassemia. B. Failure to take into 
consideration the configuration of the con- 
trol electrocardiogram obtained before hypo- 
potassemia occurred will result in diffi- 
culty in interpretation; e. g., the electro- 
cardiographic changes with similar low potas- 
sium values would vary under the following 
conditions: if the control electrocardiogram 
is normal, if the T wave is tall or small, 
if the type of configuration of the ST seg- 
ment varies, in the presence of an inverted 
or diphasic T wave. C. In bundle branch 
block the changes due to hypopotassemia 
are not easily ascertainable. D. Digitalis 
“shortens the Q-T interval” and produces 
other changes which obscure the effects of 
hypopotassemia. E. The failure to recognize 
that many different patterns of hypopotas- 
semia may be present is probably one of the 
most important causes of failure in the recog- 
nition of electrocardiogram patterns. 


HyYPERPOTASSEMIA 
The alterations in the electrocardiogram 
associated with a high serum potassium have 
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been described in various conditions such 
as azotemia, Addison’s disease, diabetic 
acidosis (before therapy), crush syndrome, 
and following administration of potassium in 
patients with renal dysfunction.* The elec- 
trocardiographic patterns in hyperpotassemia 
have been described in the experimental 
animal,f and many studies have been re- 
ported correlating the effects of hyperpotas- 
semia with the electrocardiogram in the 
human subject. However, there have been 
relatively few reports correlating the effect 
of hyperpotassemia in the presence of myo- 
cardial damage associated with various ab- 
normal electrocardiograms in the control 
tracings. The few reports include those of 
Sharpey-Schafer ** and Bryant,*® who studied 
the effect of oral potassium administration 
upon the inverted T waves in patients with 
hypertension and myocardial infarction. 

In general, the effects of hyperpotassemia 
may be divided into four stages. These are 
clearly demarcated in the dog, but they are 
less clear in the human subject. The first 
stage consists of an increase in the amplitude 
of the T wave with narrowing of the base 
(at a serum level of about 6 to 9 mEq/L.) ; 
the second stage is characterized by the de- 
velopment of sinus pauses and is accompanied 
by slight irregularity of the heart rate (at 
a serum level of 7 to 10 mEq/L.). Stage 
1 merges imperceptibly into Stage 2. Often 
the characteristic T wave changes of hyper- 


potassemia are most apparent at this stage 
rather than in the initial phase of its effect. 
In Stage 3 (at a serum level of 10 to 13 


mEq/L.) the ventricular complexes are 
widened and there is an irregularity of the 
ventricular rhythm. The ventricular rate 
tends to slow (50 to 70 per minute) ; occa- 
sionally it is rapid (90 to 110 per minute). 
Stage 4 (at a serum level of 14 to 18 
mEq/L.) is characterized by a slow idio- 
ventricular rhythm and increasing widening 
of the ventricular complexes. In the normal 
dog, death usually occurs with a serum 
potassium concentration that is about four 
times that of normal (16 to 18 mEq/L.). 


* References 25-35. 
+ References 34 and 35. 
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In the human subject, death usually occurs 
from ventricular standstill, rarely from ven- 
tricular fibrillation. 


Materials and Methods of Study—The following 
studies were performed after a control tracing was 
made and blood was drawn for electrolyte study. 
Five to nine grams of potassium chloride were 
given orally to a group of normal patients and 
patients with various types of cardiac and electro- 
cardiographic abnormalities. The maximum potas- 
sium effect was observed in about one and one-half 
to two hours, after which the electrocardiogram 
gradually returned to normal. These patients were 
followed at frequent intervals with electrocardio- 
grams and determinations of potassium 
levels. In addition, a series of cases with spontane- 
until the 


serum 


ous hyperpotassemia was investigated 


patients either recovered or died. 

Group I: Effect of Hyperpotassemia upon 
the Normal Human Electrocardiogram.— 
Eight cases. The serum levels ranged from 
6.5 to 7.9 mEq/L. The changes were most 
marked in Leads V; to V4 and consisted of 
(a) an increase in the amplitude of the T 
wave in Leads II and III and Leads V2 
to V4 with relative narrowing of the base; 
(b) the appearance of an increase in the 
bowing in the initial portion of the ST seg- 
ment in Leads V; to V4 (Fig. 11); (c) 
the ST segment or ascending limb of T wave 
in Lead V, and in the left precordial leads, 
Vs and V6, changing from a straight line 
or slightly convex line to a concave line 
(Figs. 10, 11, and 12); (d) greater ratio of 
height to the width of the T wave at the 
base in the leads with the greatest amplitude 
of S wave (Leads V,; or V2). The upright 
T wave is most often peaked in these leads. 

Of the total of eight cases, the diagnosis 
could be made in three cases on the basis 
of T wave changes only and in one case on 
the basis of widening of the ORS complexes 
and sinus pauses; in two cases, the electro- 


cardiographic changes could be considered 
to be suggestive only (slight peaking of T 
waves), and in two others there were no 
significant changes suggesting hyperpotas- 


semia. 

Group II: Left Ventricular Hypertrophy 
Pattern.—Fourteen cases. Of the 14 cases 
that composed this group, 6 were induced 


IMBALANCE 


by the oral administration of potassium and 
8 occurred spontaneously. 

In six cases of the induced group, the 
potassium levels were 6.2, 7.8, 7.45, 7.6, 
7.86, and 8.0 mEq/L., respectively. Although 
significant changes were observed when the 
hyperpotassemia tracing was compared with 
the control, a diagnosis of hyperpotassemia 
could not be definitely made on the basis 
of electrocardiogram, per se. The diagnosis 
of hyperpotassemia could be considered as 
suggestive in two of the six cases on the 
basis of some peaking of the T waves in 
Leads V,; and Vez of the right precordial 
leads; in the remainder, the alteration could 
not be considered to be characteristic. In the 
spontaneous group, of eight cases, the potas- 
sium level ranged from 5.9 to 8.5 mEq/L. 
The electrocardiographic findings were simi- 
lar to those observed above but were usually 
more marked, because of the increased degree 
of hyperpotassemia and frequently a marked 
grade of heart damage. The diagnosis from 
the electrocardiogram could be made in two 
cases because of the presence of sinus arrest 
and widening of the QRS complexes. In 
three cases the diagnosis was suggested by 
the peaked inverted T waves on the left 
side of the precordium. In three others the 
electrocardiogram was not suggestive of 
hyperpotassemia. 

Effect of Hyperpotassemia on Inverted T 
Waves Associated with Myocardial Damage 
or Functional States (Exclusive of Left or 
Right Ventricular Hypertrophy).—Twelve 
cases. The inverted T waves of this group 
tended te become less inverted, then flattened, 
and finally upright, depending upon the 
degree of hyperpotassemia. The degree of 
change was not uniform in all leads, but 
the tendency towards less T wave inversion 
and development of an upright configuration 
was observed throughout the various electro- 
cardiographic leads. With severe grades of 
hyperpotassemia the T waves tended to show 
a diphasic configuration with peaking of 
the terminal portion. These changes were 
in the direction that would be anticipated 
to result from the effect of potassium in 
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altering the pattern of repolarization. Similar 
changes were observed in Leads V2 and 
Vz in patients with a juvenile pattern. The 
development of upright T waves occurred at 
serum levels of 6 to 7 mEq/L. These changes 


A. ARCHIVES OF INTERNAL MEDICINE 


are clearly evident when comparison is made 
with the control tracing. The diagnosis of 
hyperpotassemia is impossible unless the 
control tracing is available for comparison. 
This is one of the difficulties in correlation 
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Fig. 11 (Case 3).—Effect of hyperkalemia upon normal electrocardiographic pattern in 
a normal heart. (a) Control. (b) Two hours after potassium (see text). Note increased ampli- 
tude of T wave in Leads I and II with increase in Leads V2, Vs, Vs, Vs, and Ve. Note the 
more characteristic ~ loop in Leads V: to V. and slight narrowing at the base of the T wave. 
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Fig. 12—Effect of hyperpotassemia in presence of left ventricular hypertrophy pattern. 
Control, (potassium 4.9 mEq/L.) note typical left ventricular hypertrophy pattern, left axis 
deviation, and inversion of T: wave and T wave in Leads Vs to Ve. Two hours after potas- 
sium (potassium 8.0 mEq/L.), note slightly increased inversion of T: wave and alteration in 
Tz wave showing later peaking similar to that seen in Figure 7; the T wave in Leads V: 
and Vz is increased in amplitude; the T wave in Lead Vs; shows an upright configuration in its 
first portion. The T wave in Leads V.s-Ve shows increased inversion with peaking. 
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Fig. 10.—Diagrammatic representation of the hyperkalemic effects on the electrocardiogram. 
Patterns I and II represent Lead I or the left precordial leads (Lead Vs). The patterns to the 
left of the vertical line represent the control tracing; those to the right, varying degrees of 
hyperpotassemia. J (a) Control shows normal amplitude T wave. (b) Initial hyperkalemic 
effects showing increasing amplitude of T wave with narrowing of the base and an ~ configura- 
tion of the initial portion of the ascending limb of the T wave. (c) Note still further increase in 
amplitude of T wave with narrowing at the base of the T wave. (d) Same as c except for 
lengthening of Q-T segment, particularly of isoelectric period, owing to superimposed effects 
of hypocalcemia. JJ (a) Control shows inverted T waves in Lead I or left precordial Leads 
Vs or Ve. (b) Change to an upright T wave of diminished amplitude. (c) Upright T wave 
of normal amplitude. (d) First portion of T wave followed by sharp peaking of the terminal 
portion of the T wave. (e) Same as d except for increased depth of T wave inversion and 
increased peaking of terminal portion. Patterns d and e are often observed in hypertensives. 
III, effect of hyperkalemia on RS pattern in right precordial Leads Vi and V2. (@) Control. 
(b) Note increase in upright configuration of T wave with beginning narrowing of base; 
ascending limb is concave (ascending limb in control tracing is a straight line and frequently 
convex). (c) Note increasing concavity of ascending portion with ~ -like configuration and 
beginning of peaking of T wave. (d) Note concavity of descending limb of T. (e) Increased 
amplitude with narrowing of the base similar to that observed in Jc. JV, effect of RS pattern 
showing inverted T in control; note change to upright T wave. In further degree of hyper- 
kalemia, change would be similar to J//e. V, effect on Q-S complexes of anterior transmural 
infarction. (a) Control tracing of Leads V.-V; shows inverted T wave. After potassium admin- 
istration the T wave increases in amplitude and the distance between descending and ascending 
limbs . the base is narrow. This is similar to Jc except that the direction of the T wave is 
reversed. 
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Fig. 13.—A. N., white man aged 52, with azotemia as a complication of glomerulonephritis. 
The tracing shows hyperpotassemia with regression to normal. On Feb. 11, 1953, serum potas- 
sium was 8.5 mEq/L.; sodium, 115 mEq/L.; BUN, 120 mg/100 cc. Note the advanced electro- 
cardiographic changes of hyperkalemia, namely, widened QRS complexes followed by tall 
peaked T waves with a narrow base especially marked in Leads Vs, Vs, Vs, and Ve; note also 
the almost complete absence of P wave which is the result of sinus block. This combination is 
an extremely dangerous one and is frequently premonitory to death. Feb. 12, 1953, twenty-four 
hours later, after vigorous treatment with cation-exchange resins, insulin, and glucose. The 
potassium is now 5.5 mEq/L. Note the marked improvement in the electrocardiogram, partic- 
ularly the configuration of T waves, which now show a return toward normal. The QRS width 
has narrowed; the T waves are no longer peaked. Note that the T wave is now inverted in Lead 
Vs. The pattern is almost similar to the control pattern in this patient. 


atod 


Fig. 14.—A. G., woman aged 54, in chronic congestive failure, receiving digitalis and 
mercurials. Her appetite was poor. July 8, 1953, note ST segment depression and lengthening 
of repolarization phase due to hypokalemia (potassium was 2.9 mEq/L.). This patient was 
then given potassium chloride, 3 gm. per day, in addition to her diet. On July 15 potassium 
had increased to 8.0 mEq/L. Note the widening of the ventricular complexes and absence of 
P waves. 


634 





ELECTROCARDIOGRAM IN 


of the electrocardiogram and serum potas- 
sium levels, particularly in the presence of 
previous abnormalities. 

Effect of Hyperpotassemia in the Presence 
of Myocardial Infarction—Four cases. The 
serum potassium levels in this group ranged 
from 6.5 to 7.3 mEq/L. This group may 
be divided into three types: A. In patients 
with transmural infarction (two cases) where 
Q-S complexes were present in Leads V3 
and V4, potassium tended to increase further 
the degree of T wave inversion with narrow- 
ing of the base, so that it resembled that 
observed in the characteristic pattern of 
hyperpotassemia in the precordial leads with- 
out infarction except for the inverted T wave. 
This characteristic change was observed in 
only one of the two human cases and in 
two dogs in which transmural anterior in- 
farction was produced. In the other human 


Fig. 15. —Effect of cided etaiicdain and 
hyperpotassemia in same tracing. The serum potas- 


sium was 7.8 mEq/L. The serum calcium was 2.2 
mEq/L. Note the increased amplitude of the T 
waves, which are peaked with a narrow base 
(hyperpotassemic effect) ; the Q-T interval is pro- 
longed at the expense of the isoelectric period 
(hypocalcemic effect). 

subject, the T wave changes were not par- 
ticularly characteristic of hyperpotassemia. 
B. In patients with inverted T waves pre- 
ceded by R waves (as, for example, in pos- 
terior infarction) and in anterior infarction, 
when Leads V; and Vez. were taken from 
areas where there was no transmural involve- 
ment, the T waves tended to become flattened 
and then upright. C. In those with subendo- 
cardial or intramural involvement in the sub- 
acute state, potassium tended to produce a 
diphasic configuration of the T wave which 
was usually not characteristic of hyperpotas- 
semia. This was probably the result of the 
potassium affecting the intramural and sub- 
endocardial portion, which, when summated 
with the epicardial potentials, would lead 
to obscuring of the hyperpotassemic changes 
(one human subject and two dogs). 


ELECTROLYTE 


IMBALANCE 


Summary of the Electrocardiographic 
Change in Hyperpotassemia.—The electro- 
cardiographic patterns in hyperpotassemia 
are not particularly characteristic in the mild 
grades or initial stages at levels between 
5.5 and 6.6 mEq. per liter. Comparison with 
control tracings is of considerable help in 
diagnosis. Because these are usually not 
available, the electrocardiographic diagnosis 
of hyperpotassemia is difficult if not impos- 
sible. The electrocardiographic changes are 
more characteristic at higher levels (7.0 
mEq/L. and over). Since hyperpotassemia 
is commonly found in association with hyper- 
tension and azotemia, the initial tracing fre- 
quently presents a left ventricular hyper- 
trophy pattern. The resultant T wave changes 
are quite different from those observed 
those for whom the control tracing was 
normal. The inverted T waves in Lead I and 
the left precordial leads frequently become 
more inverted and peaked, whereas the up- 
right T wave of the right precordial leads 
(Leads V,; to V3) shows increased ampli- 
tude and peaking as in the normal group. 

In the presence of inverted T waves in 
the control tracing of Leads V,; to Ve due 
to myocardial damage of various types (ex- 
clusive of left ventricular hypertrophy) the 
T waves tend to become less inverted, flat- 
In the presence 
inverted T 
and 


tened, and finally upright. 
of transmural infarction 
often more 


the 


waves became inverted 
peaked. 

It appears, therefore, that the electro- 
cardiographic changes in hyperpotassemia 
depend on many factors and that the electro- 
cardiographic evidence is rather difficult to 
establish, particularly in the early stages of 


potassium intoxication. 


SUMMARY 
The electrocardiogram is an important 
method of diagnosing various types of elec- 
trolyte imbalance, particularly alterations in 
calcium and potassium. Evidence of such 
changes is frequently an indication of more 
profound alterations in metabolic function 
and should stimulate further study for their 
elucidation, 
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The electrocardiographic effects in hypo- 
potassemia are discussed in some detail. Four 
main patterns, each one with subgroups, 
are described. The recognition of these vari- 
ous patterns is essential in the electrocardio- 
graphic diagnosis. There is a definite rela- 
tionship between the severity of the changes 
observed and the decrease in serum potas- 
sium. This relationship is more marked when 
comparison is made in the same patient. At 
times the electrocardiogram will fail to show 
characteristic patterns suggestive of hypo- 
potassemia when this is actually present. 
The factors responsible are discussed. 

The electrocardiographic diagnosis should 
be correlated with history and other clinical 
findings and must be differentiated from 
other conditions simulating these changes. 

Correlation between the electrocardiogram 
and hyperpotassemia is a much more diffi- 
cult problem, particularly in the early stages: 
Evidence of hyperpotassemic effects in the 
electrocardiogram can be determined only in 
about 30% of the patients of this group. 
One of the factors responsible for this poor 
correlation is the marked variability in potas- 
sium effects, both quantitatively and qualita- 
tively; in addition, the hyperpotassemic ef- 
fects tend to be obscured when the prehyper- 
potassemic tracing manifests different ab- 
normalities, e. g., inverted T waves, left 
ventricular hypertrophy pattern, bundle 
branch block, myocardial infarction, and al- 
terations in other electrclyte and digitalis 
effects. 

How often is an abnormal electrocardio- 
gram observed in hypopotassemia in which 
the pattern is not characteristic of this state? 
Such patterns are seen in patients with pre- 
existing myocardial damage of various types. 
The following factors may obscure the char- 
acteristic electrocardiographic findings of 
hypopotassemia: preexisting heart disease ; 
marked grades of left ventricular hyper- 
trophy ; bundle branch block ; anoxia ; use of 
certain drugs, especially digitalis, and pres- 
ence of other electrolyte changes, particularly 
calcium, possibly magnesium, and, indirectly, 
sodium and phosphate concentration. 
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ABSTRACT OF DISCUSSION 

Dr. Daviw ScuerF, New York: We consider 
certain alterations of the electrocardiogram as 
fairly characteristic for disturbances of the electro- 
lyte content of the myocardium. If the T wave is 
abnormally broad and rounded, the RS-T segment 
depressed and the U wave distinct, then hypo- 
kalemia, usually combined with other disturbances, 
should be considered. Conversely, the very tall tent- 
like T wave with symmetrical ascent and descent 
on a narrow base is typical for certain degrees 
of hyperkalemia. Owing to overtreatment, the 
former condition is often followed by the latter. 
Similarly, a very long RS-T segment (isoelectri- 
cally situated) followed by a positive but very 
low T wave is commonly observed in hypocalcemia. 
Other changes in the electrocardiogram due to 
electrolyte disturbances are nonspecific. The elec- 
trocardiogram reacts to a great variety of agents 
and substances in a similar way, namely, by a 
lowering of the RS-T segment and flattening or 
inversion of the T wave. Therefore, conclusions 
drawn concerning a similar mechanism because of 
the similarity of alterations of the electrocardio- 
gram are unwarranted. Often several disturbances 
coexist; most commonly they are acidosis or 
alkalosis. The latter is said to cause flattening and 
inversions of the T wave. Contrary to findings 
of other observers, in alkalosis caused by hyper- 
ventilation I was unable to observe such changes 
even though the Chvostek and Trousseau signs 
were present. 

Hyperkalemia and hypokalemia initiate extra- 
systoles and other cardiac arrhythmias. Low potas- 
sium content of the myocardium without any 
changes of the potassium content of the serum 
can cause the appearance of ectopic impulse forma- 
tions. It has been known for many years that some 
enlarged hearts, particularly those with decom- 
pensated mitral lesions, readily develop extra- 
systoles after small doses of digitalis. It was in 
exactly these hearts that Harrison and his co- 
workers found the potassium content of the myo- 
cardium to be diminished. It is important to 
realize that extrasystoles are not a sign of 
digitalis intoxication but are the consequence of 
the action of digitalis on a heart with a diminished 
potassium content. The investigation of recent 
years demonstrates that a similar mechanism is 
responsible for a great variety of cardiac arrhyth- 
mias during exhibition of digitalis. 
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The problem of why potassium both causes and 
abolishes arrhythmias is not solved. It is known 
that digitalis, quinidine, procaineamide, and other 
substances have this double action on extrasystoles, 
but in the case of potassium the effect is most 
striking. The intracardiac injection of potassium 
readily abolishes an existing ventricular fibrillation, 
while in the nonfibrillating heart the intravenous 
injection causes ventricular standstill or initiates 
ventricular fibrillation. There have been claims that 
the different actions depend on the speed of injec- 
tion or whether the heart is suspended or in situ, 
but personal experiences have shown this not to 
be the explanation. One may cause, with the same 
speed of injection and the heart in situ, cardiac 
standstill in one animal and fibrillation in another. 
When potassium is topically applied it has only a 
paralyzing or inhibitory effect, even if applied 
to areas in which aconitine-induced ectopic rhythms 
originate. If the heart is pretreated with aconitine 
given intravenously, intravenous injection of potas- 
sium causes extrasystoles. In a similar manner, 
calcium given intravenously may, in certain exper- 
imental and clinical conditions, elicit extrasystoles 
and tachycardias; in other situations it not only 
abolishes them but may cause asystole. Aconitine- 
induced extrasystoles are consistently abolished by 
calcium. 
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Stokes-Adams disease consists of attacks 
of cerebral ischemia in patients with atrioven- 
tricular heart block. The attacks are due to 
inadequate circulation resulting from very 


slow idioventricular rhythm, ventricular 
standstill, ventricular tachycardia, or ven- 
tricular fibrillation? Their manifestations 
include dizziness, syncope, prolonged un- 
consciousness, and convulsions, and they 
may end in death. At times the attacks may 
be frequent and severe. If the patient can 
survive such periods, however, he may live 
for many years without further episodes.’ 

Stokes-Adams attacks often require emer- 
gency resuscitation, and desperate measures 
may be necessary. Therapy is complicated 
by the unpredictable occurrence, frequency, 
and duration of the seizures. Drugs and 
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cardiac puncture, the only therapy heretofore 
available, are dangerous and often ineffective. 

We have developed a new therapeutic 
approach to this serious disease: an exter- 
nally-applied cardiac pacemaker which stim- 
ulates the heart electrically, terminates 
ventricular standstill, and maintains an 
externally-paced ventricular rhythm for long 
periods. This approach to the problem of 
cardiac arrest has also been applied to reflex 
vagal standstill, standstill due to drug tox- 
icity, and unexpected circulatory arrest in 
the operating room. 


TECH NIQUE 

The cardiac pacemaker * is a stimulator which 
produces purely monophasic, rounded electric 
impulses with an average duration of 2 to 3 
milliseconds. A variety of other monophasic and 
biphasic wave forms (sinusoidal, spike, and recti- 
were found to be less effective. The 
apparatus is portable, weighing 13 Ib., and is 
simple to use. Twe dials permit 
frequency from 30 to 180 stimuli per minute and 
of amplitude from 0 to 150 volts. The low internal 
impedance of the instrument (approximately 50 
ohms) permits adequate power output even across 
high body resistances. The instrument is powered 
by 120 volt, 60 cycle alternating current; it can 
be modified for other types of electric power, in- 
cluding a 6 volt storage battery. The input power 
circuit is carefully isolated to prevent the acci- 
dental transfer of line voltage to the patient. 


linear ) 


variation of 


The pacemaker is attached to the patient by two 
output wires connected to circular chest electrodes, 
3 cm. in diameter. The electrodes may be placed 
in any positions on the chest that provide current 
flow across the heart. In the past, the negative 
electrode was placed at the point of maximum 
cardiac impulse and the positive electrode, sym- 


*The cardiac pacemaker used in these cases 
was manufactured by the Electrodyne Company, 
Norwood, Mass. 


639 








Observations on Twenty-Five Patients with Stokes-Adams 











Ventricular Rhythms 


Degree 
of A-V 
Block} 


Case 
No. Hospital* 


1 BIH 


BCH 


BCH 
BCH 
BCH 
BCH 
BCH 
MMH 


BIH 


BCH 


Slow 


Causing Attacks 


Idioven- 


tricular 
Rate 


Stand- 
still 


> 


} 





Tachy- 
cardia 


or 

Fibril- 

lation 
+ 


+ 


an, 


Periods of Stimulation 


Duration 
24 hr. 


6 to 48 hr. 


2 11 and 6 hr. 


5 resuscitations 


4 % to 109 hr. 
2 1 and 8 hr. 
1 resuscitation 


Many resuscitations = 
Many Minutes to 52 hr. 


7 ¥% to 67 hr. 


Many resuscitations 


41 10 min. to 
12 hr. 


1% to 7 hr. 


90 and 108 hr. 


5 and 8 hr. 
8 resuscitations 


Many resuscitations 
2 7% and 58 hr. 


Many resuscitations 
1 10 hr. 


1 26% hr. 


More than 38 resuscita- 
tions 
1 20 min. 


1 36 hr. 
Many resuscitations 


3 resuscitations 

1 resuscitation 

1 20 hr. 
17 hr. 
25 min. 


22 br. 


a Se 
Interval 
Between 


2 hr. to 
19 days 
1 hr. 


5 hr. to 
32 days 


Minutes 
to br. 


5 hr. to 
18 days 


Minutes 
to 11 days 


1 hr. to 
28 days 


9 days 


19 hr. 
Minutes 
to days 
15 


minutes 


Minutes 
to 2 days 


Minutes 
to hrs. 


Minutes 
to hours 


Minutes 





* Physicians at these various hospitals enabled us to treat these 25 patients and to observe the 12 additional patients who 
were not treated with the electric pacemaker: Boston City Hospital (BCH), Beth Israel Hospital (BIH), Massachusetts General 
Hospital (MGH), Massachusetts Memorial Hospitals (MMH), Peter Bent Brigham Hospital (PBBH), Union Hospital of Lynn 
(UHL), Mount Auburn Hospital, New England Baptist Hospital, Symmes Arlington Hospital, and VA Hospital, Boston. 

t N indicates normal atrioventricular condition. 





Disease Treat 


Survival 
After 
End of 
Initial 
Stimulation 


Still alive 
24 mo. 


Still alive 
1 


8 mo. 


Still alive 
11 mo. 


Still alive 
2 mo. 


Still alive 
1 mo. 


Still alive 
1 mo, 


10 mo. 


4 mo. 


2 mo. 
14 days 


9 days 
6 days 


2% days 


2 days 
1% days 


1] hr. 


10 hr. 


ed 2 


vith External Electric Stimulation of the Heart 








Cause of Death 


Died suddenly at home 


Two months after the last stimula- 
tion a major attack with irreversible 
cerebral damage occurred at home 


Acute bacterial endocarditis 


Inadvertent interruption of effective 
stimulation after 3 hr. of ventricular 
standstill; necropsy showed fibrosis 
of septum 

Delay in stimulation was followed by 
irreversible cerebral damage; stimula- 
tion maintained the heart beat for 
108 hr. until death 

A fatal attack of ventricular fibrilla- 
tion 8 days after last stimulation 


Stokes-Adams attack, mechanism not 
recorded, in which stimulation was 
ineffective although applied promptly 
Sudden vascular collapse during effec- 
tive stimulation; necropsy showed ex- 
tensive old and recent myocardial in- 
faretions 

Attack of ventricular tachycardia in 
which stimulation was ineffective 


Stokes-Adams attack in which stimu- 
lation was not applied 


Delay in treatment was followed by 
irreversible cerebral damage 


Irreversible cerebral damage due to 
untreated attacks before stimulation 
was applied 

After repeated resuscitations, stimu- 
lation became ineffective; necropsy 
showed acute myocardial infarction 
Stokes-Adams attack in which stimu- 
lation was not applied 

Stokes-Adams attack in which stimu- 
lation was not applied 

Irreversible cerebral damage due to 
untreated attacks before stimulation 
was applied 

Delay in stimulation was followed by 
irreversible cerebral damage 

Cardiac tamponade 


Irreversible cerebral damage due to 
untreated attacks before stimulation 
was applied 


Comments 

Stimulation prevented multifocal ventricular tachycardia; a few 
short syncopal attacks 1 yr. later did not require stimulation; 
complete A-V block unchanged for 30 yr. 

Over a 2 mo. interval § periods of persistent standstill required 
stimulation for 11, 44, 48, 6, 6, 16, 48, and 48 hr.; alert and am- 
bulatory thereafter without further syncope; complete A-V block 
persists 

Well and active without further syncope 


On one occasion continued stimulation prevented multifocal ven- 
tricular tachycardia; the longest period of stimulation (109 hr.) 
was for continued absence of spontaneous ventricular beats 
Severe pneumonia; stimulation prevented multifocal ventricular 
activity 

Single «_suscitation from ventricular standstill; runs of ventricu- 
lar t’ oyeardia subsided spontaneously 

Innumerable synecopal attacks due to ventricular standstill re- 
quired repeated stimulation over the course of 5 days; no syn- 
cope thereafter for 10 mo. 

Over a 2 mo. interval 7 periods of persistent standstill required 
stimulation for %, 17, 15, 7, 67, 9, and 45 hr. 


Sudden cessation of A-V conduction during normal sinus rhythm, 
at times precipitated by reflex vagal stimulation, often caused 
attacks due to ventricular standstill; over a 2% mo. interval, 
intensive drug therapy failed to stabilize A-V conduction or to 
prevent attacks 


A-V block first noted following acute myocardial infarction; 
sudden cessation of A-V conduction during normal sinus rhythm, 
at times precipitated by reflex vagal stimulation, often caused 
attacks due to ventricular standstill 

Ambulatory and free of attacks, with stable idioventricular 
rhythm during the 9-day interval between periods of stimulation 


Approximately 30 cardiae punctures performed for resuscitation 
before stimulation applied; alert and without syncope during 
8 days before death 

Electrocardiogram was obtained in only 1 attack; it showed ven- 
tricular tachycardia-fibrillation which was unaffected by stimu- 
lation and stopped spontaneously 

Onset of complete A-V block during acute myocardial infarction 


Stimulation prevented multifocal ventricular activity 


Concomitant with control of diabetic coma, S-A rhythm and 
normal A-V conduction appeared; patient was alert and free of 
attacks for 38 hr. until sudden death 

Approvimately 18 cardiac punctures performed for resuscitation 
before stimulation was applied 


Severe pneumonia 


34 cardiac punctures performed for resuscitations over a 4 hr. 
period before stimulation was applied 
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metrically on the right anterior chest. Recently 
we have found the thresholds of stimulation to be 
lower and the muscular twitch and discomfort to 
be less when both electrodes are placed on the left 
anterior chest. The negative electrode may be 
placed at or outside the cardiac apex (V4 to V6 
position) and the positive electrode to the left 
of the sternum at or above the apical level (V2 to 
V4 position). The electrodes may be moved and 
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3 in. apart, the skin between them should be 
clean and dry, the electrode paste should be rubbed 
vigorously on the skin, and the paste should be 
reapplied when it dries. 
The electric stimuli often distort the electro- 
cardiogram and may mask it completely. Clear 
records of the electric stimuli and of the activity 
of the heart are obtainable only with late model 


electrocardiographs that do not have condensers 













































































Fig. 1 (Case 3).—Demonstration of effective external stimulation of the heart. (Lead aVr; 


standardization half-normal.) A, 


complete heart block with unstable idioventricular pace- 


maker. The ventricular rate is shown at 19 per minute as it slowed from 35 to 15. Then syn- 
cope occurred and external electric stimulation became necessary. B, external electric stimula- 
tion at threshold intensity. The three stimuli in the center are subthreshold and are not followed 
by electrocardiographic ventricular responses. The other stimuli are above threshold, and the 
deflections following them represent ventricular responses. C, effective stimulation at varying 
rates. The dependence of the electrocardiographic ventricular complexes upon the electric 
stimuli is shown at widely varying rates of stimulation. The blood pressure is maintained at 
its previous level by stimulation. D, ventricular standstill during interruption of electric stimula- 
tion for 6.9 seconds. No spontaneous ventricular complexes appeared during this interval, and 
the patient lost consciousness. With resumption of stimulation ventricular responses reappeared 
immediately and the patient revived at once. 


their polarity may be reversed to find the lowest 
threshold of stimulation and the clearest electro- 
cardiographic recording. The electrodes should 
be moved once a day, to minimize local skin irri- 
tation. Good electric contact is made with elec- 
trode paste, and the electrodes are held in place 
with plastic handles or with a rubber strap en- 
circling the chest. To prevent ineffective stimula- 
tion due to short circuit or high resistance at the 
skin surface, the electrodes should be at least 
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in the input circuit. The most satisfactory record- 
ings are usually obtained on lead aVr at half- 
normal standardization. The patient, the pace- 
maker, and the electrocardiograph must have a 
common ground. This is conveniently provided 
by wires between the electrocardiograph and the 
pacemaker and between the pacemaker and an ex- 
ternal ground. The patient is grounded by the 
negative output wire from the pacemaker. The 
conventional ground wire from the electrocardio- 
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graph to the right leg should be disconnected; 
otherwise the fuse in the patient circuit of the 
electrocardiograph may be blown. 

Effective electric stimulation of the heart has 
been carried out in our patients during normal 
sinus rhythm, atrioventricular nodal rhythm, par- 
tial heart block, complete heart block with idio- 
ventricular rhythm, and ventricular standstill. 

To determine the threshold of effective stimula- 
tion the frequency is set above the intrinsic ventric- 
ular rate, or about 60 per minute in case of ventric- 
ular standstill, and the amplitude is increased from 
0 until the stimuli become effective. When effective, 
the stimuli produce electrocardiographic ventricular 
responses and synchronous peripheral pulses. The 
electric stimuli may be lowered below threshold 
intensity, may be varied in rate, and may be inter- 
rupted momentarily to demonstrate the dependence 
of the ventricular responses upon them (Figure 1). 
When an intrinsic cardiac rhythm is present, its 
replacement by the faster, externally-paced ven- 
tricular complexes is additional evidence of the 
effectiveness of the electric stimuli. The current 
and voltage of effective stimuli, measured with 
an oscilloscope at the chest electrodes, ranged 
in our patients from 50 to 200 milliamperes and 
trom 20 to 100 voits. Thereafter, effective cardiac 
stimulation is maintained with amplitudes slightly 
above the threshold level. 

In the emergency of ventricular standstill, there 
is not time to attach an electrocardiograph. In the 
absence of an electrocardiogram, however, resus- 
citation of the patient or palpation of synchronous 
pulses is satisfactory evidence of the efficacy of 
stimulation. 

OBSERVATIONS 

Aiter experimental studies in animals 
established the efficacy and safety of external 
electric stimulation of the heart, we used it 
clinically in the treatment of cardiac arrest 
(Stokes-Adams disease, reflex vagal stand- 
still, drug-induced standstill, and unexpected 
circulatory arrest). 

A. Stokes-Adams Disease.— The heart 
was stimulated electrically in 37 patients 
with recent Stokes-Adams attacks; effective 
cardiac responses were produced in every 
case. In 12 patients Stokes-Adams attacks 
did not recur; although the electric pace- 
maker was kept in readiness it was not 
needed to resuscitate them. The remaining 
25 patients required resuscitation with the 
pacemaker. Our clinical and electrocardio- 
graphic observations in these 25 patients are 
summarized in the Table and are considered 
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in the subsequent discussion. Eleven of these 
cases have previously been reported in more 
detail. 

B. Reflex Vagal Standstill. — External 
electric stimulation resuscitated three pa- 
tients with ventricular standstill due to reflex 
vagal stimulation. 

C. Drug-Induced Standstill—Two pa- 
tients with ventricular standstill due to 
digitalis toxicity were resuscitated by electric 
stimulation. The external pacemaker has 
been used successfully by others in two pa- 
ventricular standstill fol- 
administration of 


tients in whom 
lowed the intravenous 
procaineamide. 

D. Unexpected Circulatory Arrest—We 
applied the cardiac pacemaker in eight pa- 
tients who developed circulatory arrest un- 
expectedly during various diagnostic and 
surgical procedures. Cardiac standstill was 
terminated in one of our patients and in four 
patients treated by others. 


A, STOKES-ADAMS DISEASE 
Stokes-Adams disease, by definition,’ con- 
sists of attacks of cerebral ischemia in pa- 
tients in whom atrioventricular block is 
observed at times other than during attacks. 
Parkinson, Papp, and Evans’ distinctly 
separated another group of similar attacks, 
usually due to reflex vagal stimulation, in 
patients without atrioventricular block be- 
tween attacks. We followed their 
suggestion of discarding the term “Stokes- 


have 


Adams syndrome” because it refers to both 
groups of cases. The distinction between 
Stokes- Adams and reflex vagal 
standstill is of clinical importance because 
of the differences in the course, prognosis, 
and treatment of each group. 


disease 


Atrioventricular Block.—The distinction 
between Stokes-Adams disease and reflex 
vagal standstill ultimately depends upon the 
presence or absence of atrioventricular block 
between attacks. Usually the diagnosis of 
Stokes-Adams disease can be made readily 
by observing complete heart block with a 


+ References 3 and 4. 
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slow idioventricular rate in a patient who 
has had attacks of cerebral ischemia. Of our 
25 patients, 24 had complete heart block at 
some time; the remaining patient had 2:1 
atrioventricular block. The complete heart 
block was constant in only 12 patients. An 
observation of normal atrioventricular con- 
duction does not exclude Stokes-Adams 
disease as the cause of circulatory arrest ; re- 
peated electrocardiograms, particularly when 
obtained close to the time of an attack, may 
show atrioventricular block. Atrioventricu- 
lar conduction was normal at times in six 
patients. Misconceptions about these features 
have persisted despite Parkinson’s definitive 
presentation. 

Heart block in itself, even when complete, 
does not usually cause symptoms and does 
not require specific therapy in the absence 
of attacks. Many of these patients were 
known to have had atrioventricular block 
for years without Stokes-Adams attacks. 

Stokes-Adams seizures may be mistaken 
for epilepsy or other neurological disorders ; 
this error was made in several of our pa- 
tients. The diagnosis of Stokes-Adams dis- 
ease should be suspected when heart block 
of any degree is observed between attacks. 
The cardiac origin of the seizures becomes 
clear when circulatory arrest is observed 
during an attack. 

Ventricular Rhythms Causing Attacks.— 
In our 25 patients all the recognized mecha- 
nisms of Stokes-Adams attacks * were ob- 
served: slow iodioventricular rhythm in 8 
patients, ventricular standstill in 23, ven- 
tricular tachycardia and ventricular fibrilla- 
tion in 13. In 16 patients more than one 
mechanism of attacks was observed and 
it changed unpredictably. This variability 
makes the electrocardiographic identification 
of the arrhythmia useful as a guide to the 
specific therapy of an individual attack. 
Ventricular tachycardia and _ ventricular 
fibrillation have been combined in the Table, 
since their electrocardiographic differentia- 
tion is difficult when the tachycardia is 
irregular. Furthermore, this distinction is of 
little clinical value: in both, the circulation 
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fails and the paroxysms may be transient 
or fatal. In addition, there is no generally 
effective specific therapy for either arrhyth- 


mia; quinidine and procaineamide may 


precipitate or aggravate such arrhythmias 
in patients with complete heart block. Such 
untoward effects were observed in the two 
patients in our series who received these 


drugs. 

In most of the patients, factors precipitat- 
ing these arrhythmias were not apparent. 
Clear evidence of acute myocardial infarction 
was present in only three patients (Cases 
10, 14, and 19). Severe pneumonia was 
present in two patients (Cases 5 and 21); 
electrolyte imbalance associated with diabetic 
coma may have been significant in another 
patient (Case 16). 

External Electric Cardiac Stimulation. — 
The 25 patients listed in the Table were all 
desperately ill or moribund; Stokes-Adams 
attacks occurred repeatedly, and all 25 were 
resuscitated with the cardiac pacemaker 
from one or more episodes. External electric 
stimulation kept many of these patients alive 
when other modes of therapy (intravenous 
infusion of epinephrine and repeated cardiac 
punctures) were inadequate. 

Attacks due to ventricular standstill or 
a very slow idioventricular rhythm were 
terminated immediately by stimulation. This 
dramatic effect was observed countless times. 

On the other hand, paroxysms of ven- 
tricular tachycardia or ventricular fibrillation 
were not stopped by stimulation. Whenever 
the rapid arrhythmias ceased spontaneously, 
however, stimulation was immediately effec- 
tive. One patient (Case 20) suffered a major 
syncopal attack which was observed electro- 
cardiographically to be due to ventricular 
fibrillation lasting four minutes followed by 
ventricular standstill lasting another one and 
one-half minutes. During the fibrillation 
electric stimulation was ineffective, but dur- 
ing the subsequent period of standstill it re- 
suscitated the patient and maintained an 
effective circulation until spontaneous ven- 
tricular beats returned. 
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Although the electric pacemaker did not 
terminate ventricular tachycardia or fibrilla- 
tion, it sometimes prevented their occurrence. 
In four patients (Cases 1, 4, 5, and 15) with 
frequent attacks due to multifocal ventricular 
tachycardia or fibrillation, continued external 
electric stimulation maintained a_ regular 
externally-paced rhythm for hours without 
interruption by these irregularities. 


After resuscitation, stimulation was inter- 
rupted in order to observe whether a stable 
spontaneous ventricular pacemaker had re- 
turned. Thereafter the pacemaker was used 
either briefly for resuscitation from recurrent 
attacks or continuously for maintenance of 
circulation when the idioventricular pace- 
maker failed to reappear or when it was 
unstable. The choice of brief resuscitation or 
continued stimulation depended on the fre- 
quency and severity of the attacks and 
the nature of the spontaneous ventricular 
activity. 

In 5 of the 25 patients the cardiac pace- 
maker was used only briefly for resuscitation. 
In the remaining 20, continued stimulation 
was necessary for periods as long as 109 
hours (4%4 days). Douglas and Wagner ° 
have reported a longer period of continued 
stimulation for persistent ventricular stand- 
still (seven days). During these periods, 
spontaneous ventricular beats were absent 
and the patients were kept alive by the 
external electric pacemaker; repeated mo- 
mentary test interruptions of stimulation 
demonstrated the dependence of the pulse, 
of the blood pressure, and of consciousness 
upon the external pacemaker. Of the 20 
patients who required continued stimulation, 
5 (Cases 15 and 22-25) died during stimula- 
tion, without the reappearance of a spontane- 
ous ventricular pacemaker. In the remaining 
15 an effective spontaneous ventricular 
rhythm reappeared so that stimulation could 
be stopped. 

In 12 of these 15 patients, Stokes-Adams 
episodes recurred after intervals ranging 
from a few minutes to one month. These 
attacks were due to slowing or disappearance 
of the idioventricular pacemaker during 
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complete atrioventricular block, to failure of 
an idioventricular pacemaker to appear 
promptly when atrioventricular conduction 
suddenly ceased, or to periods of rapid ven- 
tricular activity. Despite intensive drug 
therapy, frequently recurring attacks were 
particularly striking in four patients (Cases 
2 and 8-10), so that continued stimulation 
was necessary repeatedly. 

Survival After Treatment with the Cardiac 
Pacemaker.—Survival is dated from the time 
that spontaneous ventricular activity re- 
turned following the first therapeutic applica- 
tion of stimulation, whether it was used 
briefly for resuscitation or continuously for 
maintenance of circulation. Of the 25 pa- 
tients who were resuscitated with the electric 
pacemaker, 10 survived 1 to 24 months; 6 
of these 10 patients are still alive. Of the 
remaining 15 patients, 6 survived 1%4 to 14 
days, 5 survived 1 to 11 hours, and 4 did 
not survive the initial period of stimulation. 

Nineteen of the 25 patients treated with 
the electric pacemaker have died. Seven died 
during Stokes-Adams attacks: in three 
(Cases 16, 20, and 21) the electric pace- 
maker was not applied during the fatal 
attack ; in one (Case 10) effective stimulation 
for persistent ventricular standstill was in- 
advertently interrupted; in the other three 
(Cases 12, 13, and 15), although the pace- 
maker was applied promptly, it was ineffec- 
tive, presumably because the attacks were 
due to ventricular tachycardia or fibrillation. 
Seven (Cases 8, 11, 17, 18, 22, 23, and 25) 
died of irreversible cerebral damage due to 
cardiac arrest before electric stimulation was 
applied. One patient (Case 24) died of 
cardiac tamponade from multiple cardiac 
punctures performed for resuscitation before 
electric stimulation. Two patients (Cases 14 
and 19) died of acute myocardial infarction, 
and one (Case 9), of acute bacterial endo- 
carditis. The 19th patient (Case 7) died 
suddenly at home after a 10-month interval 
without seizures. 

Untoward Effects of External Stimula- 
tion.—No major untoward cardiac effects of 
external electric stimulation were observed. 
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It did not produce multiple ectopic ventricu- 
lar beats or ventricular fibrillation, although 
these disturbances are seen experimentally 
when electric stimulation is applied directly 
to the heart. Necropsies in 12 patients (Cases 
9, 10, 12-19, 24, and 25) showed no evidence 
of damage from the electric current to the 
heart or to neighboring structures. The only 
tissue damage from electric stimulation con- 
sisted of superficial ulcerations under the 
chest electrodes in patients treated for a day 
or more. This problem has been minimized 
by frequent small changes in the positions 
of the electrodes and meticulous care of the 
skin. 

The major untoward effects were chest 
pain and muscular twitch. The intensity of 
the pain and of the muscular contraction 
varied in different patients; in some it was 
negligible, in others it made continued stimu- 
lation difficult. Meperidine (Demerol) hydro- 
chloride or paraldehyde usually made the 
discomfort tolerable and permitted continued 
stimulation. The administration of tubo- 
curarine (d-tubocurarine) chloride in one 


patient and local infiltration with procaine 
hydrochloride under the electrodes in three 
patients were ineffective. With prolonged 
stimulation the severity of the pain usually 
diminished markedly and less medication 
was required. 


On two occasions an unusual effect on 
respiration was observed. When the elec- 
trodes were placed lower than usual, on 
the seventh or eighth intercostal spaces in 
the right and left anterior axillary lines, 
stimulation produced apnea by interfering 
with normal diaphragmatic movement. When 
the electrodes were moved higher, to the 
fourth or fifth intercostal spaces, this inter- 
ference with respiration stopped. 

Drugs.—In conjunction with the cardiac 
pacemaker, various cardioactive drugs were 
used. They were administered for several 
different types of cardiovascular effects: (1) 
to arouse, accelerate, or maintain idioven- 
tricular pacemakers (epinephrine, ephedrine, 
arterenol, isopropylarterenol, phenylephrine) ; 
(2) to stop rapid ventricular rhythms; (3) 
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to improve or stabilize atrioventricular con- 
duction (atropine, methantheline bromide 
[ Banthine], epinephrine, arterenol, isopropyl- 
arterenol, digitalis, glyceryl trinitrate, cor- 
ticotropin), and (4) to maintain an adequate 
blood pressure (arterenol, epinephrine). The 
detailed observations of these drug effects 
in our patients will be presented elsewhere. 

Our experiences with drugs and with the 
electric pacemaker, together w:th a survey 
of the literature, form the basis of the fol- 
lowing program for the treatment of Stokes- 
Adams disease. 


PROGRAM FOR THE TREATMENT OF STOKES-ADAMS 
DISEASE 

Although patients with Stokes-Adams 
disease may survive for long periods of time 
without recurrent syncope, they are under 
a constant threat of sudden death, since the 
time and severity of the next attack are 
unpredictable. In view of the variable course 
of the disease the physician must adapt his 
management to the activity of the disorder. 
An active phase that requires close super- 
vision and intensive therapy is indicated by 
the onset of Stokes-Adams attacks, by fre- 
quent or severe episodes, and by variations 
in cardiac rhythm or conduction. If the pa- 
tient can be kept alive through this crucial 
phase, the cardiac disturbance which caused 
the circulatory arrest may subside, and the 
patient may then survive for years without 
further attacks. 


There are three major problems in the 
treatment of Stokes-Adams disease (Fig. 2) : 
(1) emergency resuscitation from a major 
attack, (2) termination of persistent ven- 
tricular standstill, and (3) prevention of 
frequent attacks. 

(1) Emergency Resuscitation 
Major Attack—F¥or a major attack with 
persistent syncope, emergency resuscitation 
must be effected promptly and the circulation 
to the heart and brain restored within three 
to four minutes. Electrocardiographic identi- 
fication of the mechanism of the attack is 
useful, but treatment must be instituted im- 
mediately even though an electrocardiogram 


from a 
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is not available. If the mechanism of the 
attack is ventricular standstill or if it is not 
known, the precordium should be slapped 
forcefully. Then cardiac puncture should be 
performed, and the needle should be tapped 
sideways repeatedly to stimulate ventricular 
beats. If standstill persists, epinephrine 
hydrochloride (0.1 to 0.5 ml. of 1: 1000 
aqueous solution) should be injected into a 
cardiac chamber. 

These measures should be tried in se- 
quence while awaiting the electric pace- 
maker. They are simple and usually feasible 
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recurrent attacks, and the patient should 
remain under close clinical and electro- 
cardiographic observation. In our patients, 
periods between attacks have been as long 
as 32 days. Therefore, not until a month has 
elapsed with a stable ventricular rhythm 
and without Stokes-Adams attacks can one 
consider that the active phase of the disease 
may have subsided. This prolonged state of 
constant, unfailing observation is most diffi- 
cult to maintain, even in a hospital. It should 
nevertheless be continued until the danger 
of further attacks appears remote. 





FOR A MAJOR ATTACK: 
EMERGENCY 
RESUSCITATION 


Slap Precordium 
Cardiac Puncture 
intracardiac Epinephrine 
Cardiac Pacemaker 








FOR PERSISTENT 
VENTRICULAR STANDSTILL 


Cardiac Pacemaker 
Sympathomimetic Drugs 
To arouse idioventricular rhythm: 
epinephrine 
To maintain blood pressure: 
norepinephrine 








FOR FREQUENT ATTACKS 





Drugs 
To maintain adequate idioventricular rate: 
ephedrine, epinephrine 
To prevent variations in conduction: 
atropine 
To prevent ventricular irritability: 





Cardiac Pacemaker 





Fig. 2—Program for the treatment of Stokes-Adams disease. 


immediately but are frequently ineffective 
and sometimes produce fatal complications. 
The electric pacemaker, however, is com- 
pletely safe and is uniformly effective in 
terminating attacks due to slow idioventricu- 
lar rates or ventricular standstill. As soon as 
possible, therefore, the electric pacemaker 
should be attached to the patient and stimuli 
of increasing intensity applied until cardiac 
responses occur. If adequate spontaneous 
ventricular activity appears following re- 
suscitation, stimulation may be stopped. 


The pacemaker should be kept attached, 
however, ready for immediate use in case of 


In these circumstances we have recently 
used an instrument ¢ to monitor the cardiac 
rhythm. Activated by electric impulses from 
the ventricles, it provides a visual and audible 
signal of each heart beat. With the onset of 
ventricular standstill it sounds an alarm and 
may be arranged to start the electric pace- 
maker. 

For the occasional attack due to persistent 
ventricular tachycardia or fibrillation, there 
is no presently available therapy that is 
readily applicable and effective. 

~ Manufactured by the Electrodyne Company, 
Norwood, Mass. 
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(2) Termination of Persistent Ventricular 
Standstill—If adequate spontaneous ven- 
tricular activity fails to appear after success- 
ful resuscitation, a new problem is posed. 
It has heretofore been impossible to observe 
ventricular standstill for more than the few 
minutes that life would persist. For the first 
time we have in the electric pacemaker a 
means of producing heart beats under such 
circumstances and of maintaining life indefi- 
nitely. With the patient kept alive by the 
external pacemaker, as long as 109 hours 
in our experience, one is free to try various 
agents in a careful, deliberate attempt to 
arouse an idioventricular rhythm and to 
maintain an adequate blood pressure. 

We have found that epinephrine admin- 
istered by constant intravenous infusion at 
rates of 4y to 16y per minute has been the 
most effective and safest agent in arousing 
an idioventricular pacemaker. A concentra- 
tion of 4y per milliliter is obtained by diluting 
4 ml. of 1: 1000 aqueous epinephrine hydro- 
chloride in 1 liter of dextrose or saline. This 
solution should be freshly prepared and 
given at carefully regulated rates. Initial 
doses of 4y (1 ml., or 15 drops) per minute 
may be increased cautiously until a spontane- 
ous ventricular pacemaker reappears and is 
maintained at a rate of at least 30 and not 
more than 45 beats per minute. The epineph- 
rine should be stopped promptly if multi- 
focal or rapid atrial or ventricular activity 
appears or if the blood pressure rises too 
high. 

We have observed that isoproterenol 
(Isuprel) and levarterenol (Levophed) can 
also arouse an idioventricular pacemaker. 
Further observations are necessary to deter- 
mine whether these drugs are as effective 
as epinephrine. Observations in four patients 
indicate that these two drugs may excite 
multifocal ventricular activity more readily 
than does epinephrine. 

The external pacemaker usually maintains 
the blood pressure at the patient’s previous 
level. If cerebral or myocardial damage has 
occurred, due to prolonged circulatory arrest 
before resuscitation, vasopressor drugs may 
also be necessary to maintain an adequate 


648 


A. ARCHIVES 


OF INTERNAL MEDICINE 


blood pressure. Levarterenol (Levophed) 
hydrochloride is most generally used for this 
purpose, in continuous intravenous infusions 
of 3y to 50y per minute. Occasionally 
epinephrine may be used both to maintain 
the blood pressure and to arouse a ventricu- 
lar pacemaker. 

Once an adequate, sustained intrinsic ven- 
tricular pacemaker has been established, 
electric stimulation may be stopped, but the 
external pacemaker should be kept in emer- 
gency readiness until a month has passed 
without attacks. 

(3) Prevention of Frequent Attacks.— 
Frequently recurring Stokes-Adams attacks 
constitute the third major therapeutic prob- 
lem. Prevention of attacks depends upon 
maintenance of adequate idioventricular 
rates, stabilization of atrioventricular con- 
duction, and prevention of rapid ventricular 
activity. 

Maintenance of Adequate Idioventricular 
Rates : The commonest mechanism of Stokes- 
Adams attacks is ventricular standstill. Very 
slow idioventricular rates may portend 
standstill and may also cause symptoms. 
When standstill recurs frequently or when 
the rate slows below 30 beats per minute, 
one must attempt to maintain or to accelerate 
the ventricular pacemaker. 

For these purposes, ephedrine and epi- 
nephrine are most generally useful. 

The administration of ephedrine sulfate is 
usually started with 0.025 gm. (3% grain) 
three or four times daily by mouth. A com- 
mon error in the use of ephedrine is the 
administration of inadequate amounts. The 
initial dosage is often ineffective; it should 
be increased to 0.060 gm. or more, if neces- 
sary, until attacks no longer occur or until 
toxicity is observed. In several of our patients 
this simple measure of increasing the dose 
of ephedrine was completely successful in 
preventing frequently recurring attacks. 
Ephedrine may also be administered intra- 
muscularly in similar doses. 

Epinephrine hydrochloride is usually given 
subcutaneously at intervals of one to four 
hours in doses of 0.3 to 0.5 ml. of a 1: 1000 
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aqueous solution (0.3 to 0.5 mg.). For more 
prolonged action it may be given intra- 
muscularly at intervals of 6 to 12 hours in 
doses of 0.5 to 1.0 ml. of a 1 : 500 suspension 
in oil (1 to 2 mg.) ; 0.1 to 0.5 ml. of a 1: 200 
aqueous suspension of epinephrine base 
(Sus-Phrine) may be similarly administered. 

Atropine,® hydroxyamphetamine ( Pare- 
drine), and isoproterenol * have been found 
to accelerate the ventricular pacemaker in 
complete heart block, but their value in the 
prevention of Stokes-Adams attacks has not 
been established. Barium chloride has also 
been suggested for this purpose; however, 
it does not accelerate the ventricular rate in 
complete heart block and does not appear to 
be useful. Thyroid also appears to be of 
questionable value.® 

Stabilization of Atrioventricular Conduc- 
tion: Stokes-Adams attacks frequently occur 
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Continued application of the external 
pacemaker is also useful in preventing the 
appearance of rapid irregular ventricular 
rhythms, even though it will not terminate 
paroxysms of ventricular tachycardia. 


B. REFLEX VAGAL STANDSTILL 


Episodes of cerebral ischemia due to ven- 
tricular standstill or fibrillation also occur 
in patients without Stokes-Adams disease. 
Certain of these episodes, as in the carotid 
sinus syndrome, are usually transitory and 
are clearly due to reflex vagal stimulation. 

We have established in animals the effec- 
tiveness of external cardiac stimulation dur- 
ing ventricular standstill produced by vagal 
stimulation. Rapid faradic stimulation of the 
exposed vagus nerve in dogs rebreathing an 
atmosphere high in carbon-dioxide produced 


marked cardiac slowing and _ prolonged 


ie ak i 
a aeeeee 


Fig. 3.—Resuscitation from reflex vagal standstill. (Lead aVr; standardization half-normal. ) 
Episode of reflex vagal standstill is terminated by external electric stimulation. After three 
effective stimuli normal atrioventricular conduction returns. 


when atrioventricular block changes. Vago- 
lytic and sympathomimetic drugs, digitalis, 
nitrites, and more recently corticotropin '° 
have been used to stabilize conduction in a 
constant degree of block or in 1:1 conduc- 
tion, but in our experience their effects have 
not been consistent. Atrioventricular con- 
duction cannot be uniformly stabilized at the 
present time. 

Prevention of Rapid Ventricular Activity: 
This problem also cannot always be effec- 
tively solved at present. Quinidine and pro- 
caineamide appear to be ineffective and dan- 
gerous.§ Sympathomimetic amines (epineph- 
rine and ephedrine) have been found at 
times to be effective in reducing ectopic 
ventricular activity and preventing Stokes- 
Adams attacks.?? 


§ References 7 and 11. 


asystole. During periods of asystole lasting 
as long as 37 seconds, the external cardiac 
pacemaker evoked heart beats and restored 
normal blood pressure. 

External electric stimulation was effective 
repeatedly in resuscitating three patients 
with ventricular standstill due to reflex 
vagal stimulation. In all three patients, epi- 
sodes of complete heart block and ventricular 
arrest repeatedly interrupted normal sinus 
rhythm abruptly, producing syncope and 
convulsions. The precipitation of such epi- 
sodes by carotid sinus pressure and their 
disappearance following the administration 
of atropine sulfate established their reflex 
vagal origin. More than 100 times in these 
patients, external electric stimulation termi- 
nated ventricular standstill and restored an 
effective circulation (Fig. 3). 
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Two of the patients also showed varying 
degrees of atrioventricular block between 
attacks and therefore are included in the 
Table (Cases 9 and 10) of patients with 
Stokes-Adams disease. Many of their sei- 
zures were characteristic of Stokes-Adams 
attacks : they occurred during complete heart 
block, were due to very slow idioventricular 
rhythms or ventricular standstill, and were 
not abolished by atropine. The third patient 
was not considered to have Stokes-Adams 
disease, because heart block was never ob- 
served between attacks, and, by definition, 
the occurrence of heart block only during 
attacks does not signify Stokes-Adams 
disease. 


C. DRUG-INDUCED STANDSTILL 


A third type of cardiac arrest occurs as 
a result of depression of cardiac rhythmicity 
due to drug toxicity. We have observed two 
patients with attacks of syncope due to digi- 
talis. With the occurrence of sinoatrial block 
cardiac activity was maintained by an 
atrioventricular nodal pacemaker ; intermit- 
tent failure of this pacemaker resulted in 
periods of ventricular standstill lasting as 
long as one minute. External electric stimu- 
lation was effective immediately in resuscitat- 
ing the patients several times. With reces- 
sion of the digitalis effect, the seizures 
stopped. 

Two patients with ventricular standstill 
following the intravenous infusion of pro- 
caineamide in the treatment of ventricular 
extrasystoles and tachycardia were also 
resuscitated promptly by the external electric 
pacemaker. || 

Experimentally we have observed that the 
electric pacemaker also produces effective 
beats during marked cardiac slowing due to 
quinidine. 


D. UNEXPECTED CIRCULATORY ARREST 


Circulatory arrest in the absence of heart 
block may occur unexpectedly, particularly 





|| Fredericks, P. A.: Personal communication to 
the authors, March 2, 1955; Douglas, A. H.: 
Personal communication to the authors, June 8, 
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during anesthesia. Like Stokes-Adams at- 
tacks, these episodes also represent desperate 
emergencies for which present therapy is 
often dangerous and ineffective. The com- 
monly recognized mechanisms of unexpected 
circulatory arrest are ventricular standstill 
or fibrillation ; standstill is the more frequent 
cause. Reflex vagal stimulation appears to 
be a frequent precipitating factor.** In addi- 
tion, complete atrioventricular block with a 
very slow idioventricular rate may occur 
during cardiac surgery and may cause circu- 
latory arrest; three instances have come to 
our attention. 

The success of external electric stimula- 
tion in arousing the heart from ventricular 
standstill in Stokes-Adams disease and in 
reflex vagal stimulation suggested its value 
in resuscitating patients from unexpected 
circulatory arrest. We attempted resuscita- 
tion with the cardiac pacemaker in eight 
patients who developed circulatory arrest 
unexpectedly during various procedures 
(jugular puncture, intravenous pyelography, 
bronchography, endotracheal intubation, car- 
diac catheterization, gall-bladder surgery, 
and cardiac surgery). 

In seven patients, resuscitation with the 
external pacemaker was unsuccessful: in 
one, the circulatory arrest was due to ven- 
tricular fibrillation and was then treated by 
cardiac massage; in the remaining six, elec- 
tric stimulation was applied terminally, after 
delays of five minutes or more and usually 
after unsuccessful cardiac massage. 

As shown by these failures, the problem 
of unexpected circulatory arrest is twofold. 
First, effective ventricular beats cannot be 
stimulated during ventricular fibrillation. 
Second, the responsiveness of the heart to 
stimulation diminishes progressively with 
continued anoxia. The time interval between 
circulatory arrest and the resumption of 
effective ventricular output must be brief, 
probably less than three or four minutes, if 
cerebral and cardiac function is to return 
unimpaired. 





{ References 14 and 15 and Bosher, L. H., Jr.: 
Personal communication to the authors, Nov. 29, 
1954. 
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In the eighth case, the heart was re- 
suscitated by external stimulation after un- 
successful surgery for tetralogy of Fallot. 
Immediately after closure of the chest, in- 
creasing cyanosis, marked cardiac slowing, 
and ventricular standstill occurred. On two 
occasions ventricular beats and synchronous 
peripheral pulses were produced by the 
cardiac pacemaker (Fig. 4). Following the 
initial stimulation there was a temporary 
return of a spontaneous supraventricular 
rhythm. During the second period of stimu- 
lation, spontaneous ventricular beats did not 
reappear. After 10 effective 
stimulation, the blood pressure disappeared, 


the stimuli became ineffective, and the patient 


minutes of 
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life. In the second case *° circulatory collapse 
followed mitral and aortic valvulotomies with 
the development of complete atrioventricular 
block and a very slow idioventricular rhythm. 
The patient was resuscitated with the electric 
cardiac pacemaker; because of persistent 
ventricular standstill it was necessary to con- 
tinue stimulation for 63 hours to maintain 
an adequate circulation. Finally, normal 
atrioventricular conduction returned and the 
patient recovered completely. In the third 
case # circulatory arrest occurred suddenly 
during pericardiocentesis; external electric 
stimulation was applied within two minutes, 
and the patient recovered completely. In the 


case * cardiac arrest occurred un- 


fourth 





Fig. 4.—Resuscitation from ventricular standstill in the operating room. (Lead aVr; stand- 
ardization half-normal.) A, effective electric stimulation during ventricular standstill is followed 
by spontaneous supraventricular complexes. B, episode of ventricular standstill is terminated 


by effective external stimulation. 


died. Necropsy showed a reduction as a re- 
sult of surgery in the already critically 
limited pulmonary circulation. This finding 
accounts for the marked cyanosis and prob- 
ably for the cardiac standstill as well. 

Four additional instances of cardiac re- 
suscitation with the electric pacemaker from 
unexpected circulatory arrest are known to 
us. In one case*® arrest occurred during 
cardiac surgery under hypothermia; electric 
stimulation applied directly to the heart 
maintained effective ventricular beats for one 
hour. Death then occurred, however, because 
of an anatomical situation incompatible with 


expectedly at the end of a long abdominal 
exploration. After two and one-half minutes 
of arrest, electric stimulation was applied 
externally and_ resuscitated the patient 
promptly. Standstill recurred three times 
in the next two hours; each time the electric 
pacemaker restarted the heart promptly, and 
the patient recovered completely. 

On the basis of these experiences we have 
formulated the following program for the 
treatment of unexpected circulatory arrest. 





Personal communication to 


# Douglas, A. H.: 
the authors, Feb. 7, 1955. 
* Davis, F. E.: Personal communication to the 


authors, May 28, 1955. 
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PROGRAM FOR THE TREATMENT OF UNEXPECTED 
CirRCULATORY ARREST 

Successful treatment of these desperate 
emergencies requires restoration of the circu- 
lation to the heart and brain within three to 
four minutes. The arrest must be recognized 
immediately. Crucial delay would be avoided 
by a practical monitoring device, such as we 
have used in patients with recurring Stokes- 
Adams attacks, to signal immediately the 
cessation of circulation. Ideally, such an 
alarm system should be simple and cheap 
enough to allow its routine application to 
all patients under anesthesia. Time is so 
vital after the onset of circulatory arrest 
that the anesthetist should announce its 
passage at 10- or 15-second intervals until 
circulation has been restored. 

Ventricular standstill is the more frequent 
cause of circulatory arrest (88%, according 
to Stephenson **). Therefore, unless the 
mechanism is known to be fibrillation, treat- 
ment for standstill should be instituted 
immediately. Although electrocardiographic 
identification of the cardiac mechanism is 
useful, treatment should not be delayed to 
obtain a tracing. 

Because of its efficacy, safety, and ready 
applicability, external cardiac stimulation 
should be applied at once unless the cardiac 
mechanism is known to be ventricular fibril- 
lation. While awaiting the electric pace- 
maker, one should stimulate the heart 
mechanically by slapping the precordium 
forcefully, by cardiac needle puncture, or 
by cardiac massage through the diaphragm 
when the abdomen is open. These measures 
are simple and immediately feasible but are 
frequently ineffective. If the electric pace- 
maker is close at hand and if the personnel 
are familiar with its use, it can be applied 
within 30 to 40 seconds. Auxiliary measures 
such as artificial respiration with oxygen, 
blood transfusion, and vasopressor drugs 
may be necessary to maintain an adequate 
blood flow. 

If the initial mechanism is ventricular 
fibrillation, or if the cardiac pacemaker fails 
to resuscitate the patient within one minute 
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from the onset of arrest, the chest must be 
opened promptly and the heart massaged. 
If ventricular fibrillation persists in spite of 
effective massage, defibrillation should be 
attempted. Drugs (potassium chloride, pro- 
caine, or procaineamide) may be injected 
into the heart, or counter shock (60 cycle 
alternating current, 120-150 volts, 0.1 sec- 
ond) may be applied across large electrodes 
on the heart. Ventricular standstill may 
persist despite effective massage, may recur 
after massage, or may follow defibrillation ; 
the electric pacemaker may then be applied 
directly to the heart, and epinephrine hydro- 
chloride (0.1 to 0.5 ml. of 1: 1000 aqueous 
solution) may be injected into the left atrial 
or left ventricular cavity. 

If resuscitation is successful, the patient 
must be under constant observation for two 
or three days, because arrest may recur. A 
monitor of the cardiac activity should be 
used to signal immediately the cessation of 
the heart beat, and the electric pacemaker 
should be attached and ready for instant use. 


SUM MARY 


Of 37 patients with recent Stokes-Adams 
attacks, 25 required resuscitation with an 
external electric cardiac pacemaker. It re- 
suscitated them repeatedly from ventricular 
standstill and maintained an adequate circu- 
lation for as long as five days during per- 
sistent standstill. Ten survived 1 to 24 
months after resuscitation. From these ex- 
periences a program for the treatment of 
Stokes-Adams disease has been developed, 
combining the use of drugs with the electric 
pacemaker, 

External electric stimulation was also 
effective repeatedly in resuscitating three 
patients with ventricular standstill, syncope, 
and convulsions due to reflex vagal stimu- 
lation. 

Ventricular standstill due to digitalis or 
procaineamide was terminated by external 
cardiac stimulation in four patients, two 
observed by us and two treated by others. 

In one of our patients and in four patients 
treated by others the external pacemaker 








ELECTRIC STIMULATION IN 
resuscitated the heart from unexpected circu- 
latory arrest due to ventricular standstill. 
In seven other patients it was ineffective in 
the presence of ventricular fibrillation or 
myocardial unresponsiveness due to anoxia 
from delay in treatment. Prompt external 
application of the electric pacemaker should 
be carried out in these emergencies before one 
resorts to thoracotomy and cardiac massage. 


REFERENCES 

1. Parkinson, J.; Papp, C., and Evans, W.: 
The Electrocardiogram of the Stokes-Adams At- 
tack, Brit. Heart J. 3:171, 1941. 

2. White, P. D.: Heart Disease, Ed. 3, New 
York, The Macmillan Company, 1944, p. 936. 

3. Zoll, P. M.: Resuscitation of the Heart in 
Ventricular Standstill by External Electric Stim- 
ulation, New England J. Med. 247:768, 1952. 

4. Zoll, P. M.; Linenthal, A. J., and Norman, 
L. R.: Treatment of Stokes-Adams Disease by 
External Electric Stimulation of the Heart, Circu- 
lation 9:482, 1954. 

5. Douglas, A. H., and Wagner, W. P.: Ven- 
tricular Control by Artificial Pacemaker for 7 
Days with Recovery, J. A. M. A. 157:444, 1955. 

6. Gilchrist, A. R.: The Action of Atropine in 
Complete Heart Block, Quart. J. Med. 2:483, 1933. 

7. Nathanson, M. H., and Miller, H.: Mech- 
anism of Syncope and Action of Drugs in Com- 
plete Heart Block, California Med. 76:370, 1952. 


CARDIAC 


ARREST 


8. Gilchrist, A. R.: 
Barium Chloride 
Adams Seizures, 


Ephedrine Sulphate and 
in the Prevention of Stokes- 
3rit. M. J. 1:610, 1934. 

9. Price, F. W., and Nisse, B. S.: The Treat- 
ment of Adams-Stokes Syndrome Due to Auricu- 
loventricular Block, Am. Heart J. 5:197, 1929. 


10. Prinzmetal, M., and Kennamer R.: Emer- 
gency Treatment of Cardiac 
J. A. M. A. 154:1049, 1954. 

11. Robertson, E. S., 
Ventricular 


Arrhythmias, 


Mathews, E. C.: 
Producing 
Stokes-Adams Syndrome: Report of Case with 
Review of Literature, A. M. A. Arch. Int. Med. 
90:320, 1952. 

12. Schnur, S.: Newer Concept of Stokes-Adams 
Syndrome, Am. Heart J. 35:298, 1948. 

13. Stephenson, H. E., Jr.; Reid, L. C.,, and 
Hinton, J. W.: Some Common Denominators in 
1200 Cases of Cardiac Arrest, Ann. Surg. 137: 
731, 1953. 

14. Fry, W., and Bowman, M. S.: 
Heart Block Complicating Pulmonary Valvulotomy, 
Am. J. Surg. 88:496, 1954. 


15. Darsie, M. L., and Dammann, J. F.: An 


and 


Paroxysmal Fibrillation 


Complete 


Electronic Cardiac Pacemaker: Laboratory and 
Clinical Applications, J. Anesth. & Analg., to be 
published. 

16. Bailey, C. P.: Cardiac Surgery Under Hypo- 


thermia, J. Thoracic Surg. 27:73, 1954. 


653 





he A, fh ns svel td, yperltensive : 5 re 


NORMAN SAPEIKA, M.D., Ph.D. 
Cape Town, South Africa 


HWGINULUGGNGTAULUUG ULI 


ANH HHT tt 
A. INTRODUCTION 


Although great advances continue to be 
made in many fields of medicine, essential 
hypertension remains a baffling problem. It is 
still a leading cause of death, and its origin 
and cure are still one of the persistent prob- 
lems confronting research workers. 

It is generally accepted that arterial hyper- 
tension is produced by narrowing of the pe- 
ripheral arterioles, at first from vasospasm 
and after some years from diffuse hyperplas- 
tic vascular sclerosis. Most physicians still 
regard the condition as an “entity,” but in a 
series of papers Hamilton and others (1954) 
express doubt on this view and suggest that 
those with essential hypertension represent 
that section of the population with arterial 
pressures higher than an arbitrarily selected 
value and with no disease to which these 
pressures can be attributed. Two factors con- 
cerned in the pathogenesis of so-called hyper- 
tension were considered by these investiga- 
tors, namely, age and inheritance, but, as 
these did not account for all the data, they 
concluded that the effects of environmental 
factors are probably of even greater impor- 
tance and remain to be studied. Perara 
(1954)* and others have suggested that hy- 
pertensive vascular disease be considered as 
a metabolic disorder in which hypertension 
may or may not be a prominent feature. 

In a previous paper (Sapeika, 1948) much 
evidence was presented to demonstrate the 
role of the adrenal cortex in essential hyper- 
tension. Much research and publication since 
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that date shows the great interest in this 
problem, which is again considered in the 
present article. To save space and reiteration, 
the evidence for certain of the statements in 
the previous paper will not be repeated. The 
same scheme of presentation is followed here. 

Certain features of the anatomy and physi- 
ology of the adrenal glands were previously 
described. In the last few years several work- 
ers have shown by morphological and cyto- 
chemical studies that the adrenal cortex is 
composed of separate secreting zones which 
produce different types of cortical hormone 
(Greep and Deane, 1947; Deane and Mas- 
son, 1951). With the isolation of corticotro- 
pin (ACTH) significant new observations 
have been made on the activity of the different 
cortical zones ; thus, it has become clear that 
the zona glomerulosa is far less dependent 
upon the hypophysis than the other two 
zones. The glomerulosa can function well in 
the absence of the hypophysis, but the other 
two zones undergo atrophy. The zona reticu- 
laris seems to be the first part of the cortex to 
respond to stress stimuli (Robinson and Yof- 
fey, 1950). Jones and Wright (1954) have 
suggested that the zonation of the adrenal 
cortex is of anatomical rather than physio- 
logical significance. It is important to bear 
in mind that the different zones vary mark- 
edly from animal to animal, so that it is dan- 
gerous to generalise about them, and also that 
morphological changes in the adrenal glands 
reflect only gross physiological disturbances ; 
an apparently undisputed case of Cushing’s 
syndrome showed histologically normal ad- 
renal and pituitary glands (Selye and others, 
1945). 

The cortex and medulla, so closely related 
anatomically, are of different developmental 
origin and have been regarded as two en- 
docrine organs. It seems difficult to regard 
their proximity as a purely accidental asso- 





ADRENAL CORTEX AND 
ciation (Etienne- Martin, 1954).7 The cortex 
and medulla have intimate vascular relation- 
ships which may influence their functions. 

The adrenal veins have longitudinal bun- 
dles of muscle which may regulate adrenal 
secretion. Hyperplasia of the muscle of the 
central vein occurs in hypertension (Etienne- 
Martin, 1954).t Little is known regarding 
the effect of the apparently abundant supply 
of myelinated nerve fibers to the cortex. In 
addition to a possible vasomotor innervation, 
the adrenal cortex may possess a nerve supply 
to its outer cell layers (Lever, 1953). De- 
nervation of the adrenals produces profound 
changes in the cortex (and the medulla), but 
the effect on corticosteroid secretion has not 
yet been studied. 

In his consideration of the possible integra- 
tive functional relation between the sympatho- 
adrenal and the pituitary-adrenocortical sys- 
tems Sayers (1950) concludes that the former 
initiates while the latter supports cellular ac- 
tivities. 

The view of Selye that during the “general 
adaptive syndrome” certain hormones of the 
anterior pituitary gland and the adrenal cor- 
tex are produced in excess has been critically 
examined, for example by Sayers (1950), 
and will be considered again below. The 
autonomic nervous system with the central 
autonomic nuclei no doubt plays a part in the 
early phase of hypertension, but it is later re- 
inforced or replaced by a humoral mechanism. 
Removal of the anterior pituitary gland which 
controls the adrenal cortex causes a fall of 
blood pressure in normal or “renal” hyper- 
tensive animals which can be restored to the 
original level by adrenocorticotropic hor- 
mone. 

The manifestations of hyperfunction of the 
adrenal cortex vary remarkably from case to 
case but may well be related to the large 
variety of substances known to be present in 
the cortex or its secretion. The association of 
hypertension with certain adrenocortical tu- 
mors is well established. The adrenal cortex 
is important in maintaining the blood pres- 
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sure in the normal or the hypertensive per- 
son. Among other functions, it is important 
in maintaining sodium and potassium balance, 
the plasma volume, and the blood volume. In 
this connection, newly available adrenocorti- 
cal hormones such as hydrocortisone (Corti- 
sol), cortisone, and aldosterone have entered 
the picture, and no doubt others will follow. 

Chemical and biological procedures for as- 
sessing the function of the adrenal cortex 
were referred to previously, including the di- 
rect determinations of specific hormones or 
their metabolites in the gland itself, the blood 
stream, or the urine and the indirect deter- 
minations of metabolic changes characteristic 
of the hormones. An excellent review of the 
adrenal cortex secretion and its role in homeo- 
stasis was given by George Sayers (1950), 
who emphasized the glaring deficiency in our 
knowledge of the constituents of the adrenal 
effluent blood and of the action of cortical 
hormone on the target cells. The biosynthesis 
of adrenal cortex steroids and the chemical 
nature of adrenocortical secretion has been 
recently reviewed very extensively by Hech- 
ter and Pincus (1954). 

B. RENAL HYPERTENSION WITH REFERENCE 
TO THE ROLE OF THE ADRENAL CORTEX 
IN THE “RENAL PRESSOR SYSTEM” 
EXPERIMENTAL OBSERVATIONS IN ANIMALS 
The classical experiments of Goldblatt 
(1937), who demonstrated that persistent hy- 


pertension can be produced by constriction of 
one or both renal arteries or the aorta, are 
now well established. Hypertension can be 
produced by this method in various animals 
Similar effects have been ob- 


and in man. 
tained in animals after the production of a 
perinephritic fibrocollagenous hull around the 
renal parenchyma. For the production of 
such experimental renal hypertension the ad- 
renal cortex must be present, if only in a 
minute portion, or cortical hormones must 
be administered. 

The disturbed renal circulation causes the 
liberation from the proximal convoluted 
tubules of the protein called renin, which acts 
in the blood on an ag-globulin (preangiotonin 
or hypertensinogen) to form a vasoconstrictor 


655 





“ie | 


substance called angiotonin, or hypertensin. 
A very potent but still impure preparation of 
renin has been made ( Haas and others, 1953), 
and hypertensin has been prepared in purified 
but unstable form (Knether and Haney, 
1955). It can be inactivated by angiotoninase 
or hypertensinase. 

Hypertensinogen is formed in the liver 
and, possibly, in the adrenal cortex. Accord- 
ing to Deane and Masson (1951), renin may 
stimulate the zona glomerulosa of the adrenal 
cortex. Bilateral adrenalectomy decreases the 
response to injections of renin and prevents 
the appearance of a substance like angiotonin. 

The possibility of different responses being 
obtained in different species of animals must 
be borne in mind. Also, the hypertension re- 
sulting at first from release of one factor, for 
example, renin, may later be maintained by 
another nonrenal factor. 

In an animal with long-standing hyperten- 
sion the raised blood pressure is maintained 
after the sole remaining kidney is removed. In 
such cases Daniel and others (1954) agree 
with previous workers, e. g., Braun-Menen- 
dez and v. Euler (1947), that an extrarenal 
factor is responsible for maintaining the 
raised blood pressure. This is discussed 
further by Braun-Menendez (1954).§ 

The hypertension which follows nephrec- 
tomy (renoprival hypertension) has recently 
been studied by Ledingham (1954a), and the 
possible bearing of the extrarenal action of 
the adrenal in controlling the osmolarity of 
the expanded extracellular fluid volume has 
been considered in relation to the patho- 
genesis of the hypertension. Further details 
of his work were given in the Symposium on 
Hypertension by Ledingham. 


OBSERVATIONS IN MAN REGARDING THE 
RENAL-PRESSOR SySTEM 
Many workers, for example, Goldring, 
Friedman, Castleman and Smithwick, Mas- 
ter, and others, found that in a considerable 
number of hypertensive patients the kidneys 
were in all respects normal, not only in ap- 
pearance but also in function (Sapeika, 1948). 


§In Symposium on Hypertension. 
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More recently, Heptinstall (1954) reported 
the results of renal biopsy in 50 hypertensive 
patients who were undergoing sympathec- 
tomy ; 30 biopsies showed only slight vascu- 
lar changes, confirming the findings and con- 
clusion of previous workers that hypertension 
precedes structural vascular changes in cases 
of essential hypertension. 

The evidence relating to renal humoral fac- 
tors in man was previously considered. A 
renal factor may still be regarded as unfa- 
vored as the cause of hypertension as evi- 
dence for it has become more complex. 


THE HYPERTENSIVE TOXEMIAS OF PREGNANCY 


In spite of much experimental and clinical 
research into the pathogenesis of the hyper- 
tensive toxemias of pregnancy, there is no 
consensus of opinion regarding the role of 
the renal pressor system or the degree or 
permanency of any damage produced by such 
mechanism. Dieckmann (1952) considers 
that the available evidence indicates that the 
cause of the increased blood pressure (not 
always hypertension) in _ preeclampsia- 
eclampsia is different from the cause of 
essential hypertension. There is much evi- 
dence for excessive endocrine activity in 
eclamptic patients, but whether this is pri- 
mary or secondary to some _ unidentified 
stimulus is unknown. The possible role of 
the adrenal cortex, maternal and fetal, and 
the placental cells was considered in the pre- 
vious paper. More recently, the picture of 
eclampsia has been produced by injections of 
adrenocortical extract (Masson and others, 
1951) and corticoid production has been 
shown to be greatly increased in toxemia of 
pregnancy (Chart and others, 1951). 

There is an impressive literature dealing 
with the relationship of salt retention to the 
edema of preeclamptic toxemia. It has been 
shown that the administration of salt in- 
creases the severity of toxemic symptoms 
(Dieckmann and others, 1951, 1952). By us- 
ing a short salt-loading test an increase in 
reabsorptive capacity of the renal tubules for 
chloride in normal and toxemic pregnancy 
was found by Govan and MacGillivray 
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(1954), and this was considered to be prob- 
ably related to adrenal activity. 

Recently Assali and Hauermesz (1954) 
demonstrated corticotropin-like substances in 
human placental tissue, produced by or stored 
in the chorionic villi, which very likely ac- 
counts for the increased adrenocortical ac- 
tivity during pregnancy. 

The excretion of corticoid material in tox- 
emia of pregnancy is referred to later. 


ADRENAL CORTEX AS- 
MAN 


Cc. CHANGES IN THE 


SOCIATED WITH HYPERTENSION IN 


The role of the adrenal cortex in the pro- 
duction or maintenance of hypertension has 
still not been fully elucidated, but its impor- 
tance is recognized from experimental, clini- 
cal, and pathological observations. 


Autopsy Studies—Hypertrophy of the 
adrenal cortex of diffuse or nodular type has 
been observed as a frequent concomitant of 
arterial hypertension by some workers, al- 
though others have not supported these find- 


ings. 

Biopsy and Clinical Studies. 
studies, too, some workers conclude that cor- 
tical hyperplasia and adenomas are frequently 
associated with hypertension (Sapeika, 1948, 
Table 1). The fact that tumor of the cortex 
produces chronic hypertension without im- 
pairment of renal function has suggested that 
hyperactvity of the cortex is concerned in the 
pathogenesis of essential hypertension and 
other conditions in which hypertension is a 
feature, for example, in Cushing’s syndrome 
and related conditions. The development of 
hypertension in these disorders may be at- 
tributed to adrenal dysfunction with produc- 
tion of abnormal amounts of certain steroids 
or other adrenocortical substances. 


From biopsy 


French workers have described changes 
such as lymphocytic islets, muscular hyper- 
plasia of the central adrenal vein, and other 
histological features in the adrenal glands re- 
moved from patients with hypertension 
(Etienne-Martin, 1954).|| 
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D. ADRENAL CORTEX HORMONES AND 
THEIR FUNCTIONS 

In spite of remarkable advances with 
chromatography and other techniques in the 
isolation of active principles from the adrenal 
cortex, there are potent substances that still 
remain to be identified. The active principles 
have many different actions and undergo such 
rapid change that the exact nature of the se- 
cretion is unknown. The various concepts of 
this secretion were considered by Sayers 
(1950). The detailed analysis of adrenal 
effluent blood by steroid chemists may help 
to solve the problem. To a certain extent this 
has been done (Bush, 1953; Hechter and 
Pincus, 1954). Thus, with regard to min- 
eralocorticoids Hechter and Pincus (1954) 
consider there may be several present in 
adrenal venous blood in addition to aldoste- 
rone, which possess greater activity than 
desoxycorticosterone. 

The adrenal cortex hormones depress renal 
absorption of water and enhance electrolyte 
absorption, thus conserving salt. Such re- 
tention of sodium salts, caused by most corti- 
cal hormones, may lead to an osmotic reten- 
tion of water (Gaunt and others, 1949; Roem- 
melt and others, 1949). The basic cause of 
hypertensive cardiovascular disease has been 
ascribed to abnormally high intracellular so- 
dium, by Raab (1952), or to extracellular 
sodium, by Tobian and Binion (1952). Later 
these workers showed that in renal and 
desoxycorticosterone - induced hypertension 
the aorta contains a higher concentration of 
sodium and potassium than in normal animals 
(Tobian and Binion, 1954). Evidence has 
been advanced that in the three varieties of 
experimental hypertension (renal, adrenal 
steroid, renoprival) the common factor may 
be present in the sodium distribution in heart 
muscle, in which the extracellular concentra- 
tion is raised relative to the intracellular ; the 
possibility exists, however, that these changes 
are the result of hypertension (Ledingham, 
1954b). 

An appreciable expansion of extracellular 
fluid volume in patients with essential hyper- 
tension was found by Teng and others (1954), 
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showing that in hypertension there is a dis- 
turbance in basic physiological mechanisms 
in addition to hemodynamic and morphologi- 
cal changes. 

The retention and maldistribution of so- 
dium and water in the genesis of experimental 
hypertension and cardiovascular lesions and 
the factors accelerating or (by adrenalectomy 
and salt depletion) preventing their develop- 
ment have been discussed by Braun-Men- 
endez (1954) and Ledingham (1954).# 


EFFECT oF DESOXYCORTICOSTERONE IN MAN 


Overdosage with desoxycorticosterone, for 
example, in the treatment of Addison’s dis- 
ease, has been reported by many workers to 
cause hypertension and other features, by 
acting directly or indirectly on the peripheral 
vascular system (Sapeika, 1948, Table 2). 
Reduction of the dose of desoxycorticosterone 
and restriction of sodium intake caused the 
hypertension to disappear. 

A definite rise in systolic and diastolic 
levels could be produced with this steroid in 
hypertensive subjects but not significantly in 
normotensive persons, according to Perara 
and Blood (1947) ; they could not ascribe the 
rise to changes in salt or water retention 
alone. The pressor action did not appear to 
be due to a direct humoral mechanism de- 
pendent on its concentration in the circulation 
(Perara, 1948). It has been shown that when 
given intravenously desoxycorticosterone can 
act immediately as a pressor substance in 
some hypertensive subjects but not in most 
normal persons (Goldman and Schroeder, 
1948). 

The previous administration of desoxycor- 
ticosterone may intensify the pressor effect 
of both arterenol and epinephrine in man 
(Raab and others, 1950). 


EFrrect OF DESOXYCORTICOSTERONE IN ANIMALS 

Administration of desoxycorticosterone has 
long been observed to increase the blood pres- 
sure in normal, hypertensive, and adrenalec- 
tomized animals. The pathological changes 
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produced in the organs were studied and dis- 
cussed by Symington and Goodall (1949) ; 
the kidney lesions resembled those described 
in hypertension. 

It has also been demonstrated that the 
blood pressure of rats rendered hypertensive 
with desoxycorticosterone continues after 
nephrectomy (Hall and Hall, 1949). Sodium 
in the diet is essential for the cardiovascular 
actions of desoxycorticosterone, and recently 
Rosenman and others (1954a) have demon- 
strated that an adequate intake of potassium 
is essential for the development and persis- 
tence of desoxycorticosterone-induced hyper- 
tension. 

It is of interest that extract of licorice con- 
tains a substance that acts like desoxycortico- 
sterone. The extract will maintain some pa- 
tients with Addison’s disease in electrolyte 
equilibrium. The active principle is glycyr- 
rhinic acid, a glycoside, consisting of two 
molecules of glucouronic acid and one mole- 
cule of a triterpene called glycyrrhetic acid. 
If given to man in large doses it causes re- 
tention of sodium and chloride and excretion 
of potassium and clinically an increase in 
weight, pitting edema, increased blood pres- 
sure, and hypertension. 


EFrrect oF ALDOSTERONE 


Aldosterone, secreted by the adrenal gland 
(Simpson and others, 1952; Singer and 
Stack-Dunne, 1954; Farrell and _ others, 
1954), is much more potent than desoxy- 
corticosterone in retaining sodium (Swingle 
and others, 1954) by increasing tubular re- 
absorption of sodium (Sala and Luetscher, 
1954). It is 20 to 30 times more active in 
the treatment of Addison’s disease and 
seems to combine the effects of desoxycorti- 
costerone with some of the properties of 
cortisone, including corticotropin suppres- 
sion (Renzi and others, 1954). 

While aldosterone was being given to pa- 
tients with Addison’s disease the arterial 
pressure was slightly lower than during ad- 
renal insufficiency, whereas desoxycorticos- 
terone always caused a marked increase in 
pressure. There is therefore an important 
difference in the effect of the two hormones 
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on vascular tone (Mach and others, 1954). 
Large doses given intramuscularly to patients 
with rheumatoid arthritis for six days did not 
significantly change the blood pressure 
(Ward and others, 1954). Aldosterone does 
not appear to be produced in increased quan- 
tities in response to the stimulation of the 
anterior pituitary gland by ‘stress (Vogt, 
1954). 
EFFECT OF CORTISONE 

Cortisone given in large doses for a 
prolonged period can produce hypertension 
and other features of hypercortisonism in 
man. In rats it produces a pressor response 
(Ledingham, 1954b). Whereas the hyper- 
tension produced by desoxycorticosterone in 
both animals and man appears to require 
some sodium, the hypertension produced by 
cortisone occurs even in the presence of rigid 
sodium restriction. 

The administration of cortisone to potas- 
sium-deficient (hypotensive) rats markedly 
elevates the blood pressure (Rosenman and 
others, 1954b) ; a similar effect might occur 
in patients with Cushing’s syndrome, where 
marked hypertension occurs in association 
with potassium depletion and excessive secre- 
tion of 11-oxysteroids. 


EFFECT OF HYDROCORTISONE (COMPOUND F) 

The adrenal cortex steroid hydrocortisone 
has been found to be a more potent hyper- 
tensive agent than desoxycorticosterone 
(Friedman and others, 1952). The haloste- 
roids (fluorohydrocortisone and chlorohy- 
drocortisone) also produce nephrotoxic and 
hypertensive changes in the rat like those 
produced by desoxycorticosterone (Selye, 
1955). 

EFFECT OF OTHER HORMONES 

Certain other substances can induce hyper- 
tension in experimental animals, as indicated 
in the previous article (Sapeika, 1948, Table 
2). The hypertension observed in human en- 
docrine disorders such as Cushing’s syn- 
drome may be due to the production of ex- 
cessive amounts of steroids. 

The hypothesis that mineralocorticoids may 
be involved in human hypertension has re- 
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ceived support from the investigation of 
many workers on so-called metacorticoid hy- 
pertension, for example, Friedman and Fried- 
man (1949; 1951), Green and others (1952), 
and Salgado (1954). 


E. THE BLOOD CORTICOIDS 


The estimation of urinary biocorticoids and 
chemocorticoids (and the blood corticoids) 
and their significance as an indication of ad- 
renal cortex activity has been discussed by 
many authors, as for example in the review 
by Sayers (1950). 

The most direct information of adrenal 
cortex activity has come from examination of 
adrenal vein blood, and more work remains 
to be done; aldosterone and apparently also 
desoxycorticosterone have been demonstrated 
in adrenal vein blood. The less direct method 
of estimating adrenal secretory products in 
peripheral blood and urine only allows de- 
ductions from steroid patterns of what the 
true secretory material may be (Hechter and 
Pincus, 1954), but the recently introduced 
methods (Bongiovanni and others, 1954), 
which show that conjugated adrenal corti- 
coids, as well as the free compounds, are 
apparently present in human plasma, will 
more fully reflect the status of adrenocortical 
metabolism. 


F. URINARY EXCRETORY PRODUCTS OF AD- 
RENAL CORTEX HORMONES AS AN INDEX 
OF ADRENOCORTICAL ACTIVITY 


More than 50 excretion products of adrenal 
cortex activity have so far been identified ; 
there are three main groups: 

1. Desoxycorticosterone, controlling water 
and salt metabolism ; this type is deficient in 
Addison’s disease. 

2. Glycogenic corticoids, or 11-oxysteroids, 
responsible for the conversion of protein 
precursors to glycogen; these represent the 
S (sugar) hormone of Albright. This type is 
produced in excess in Cushing’s syndrome. 

3. Neutral 17-ketosteroids, including the 
adrenal androgens; these represent the N 
(nitrogen) hormone of Albright, responsible 
for nitrogen retention. 
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Some reference to urinary products will be 
made her«, but it must again be emphasized 
that excreiion is not a measure of secretion. 


Tue Urinary 17-KETOSTEROIDS 


These represent a group of compounds or- 
iginating in the adrenal cortex and testes of 
the male. Normally about 90% is androste- 
rone and its inactive isomer 3-hydroxy-etio- 
cholanone, the remainder being mostly de- 
hydroisoandrosterone. The amount excreted 
in normal men varies from 10 to 20 mg. in 24 
hours ; in normal women, 5 to 15 mg., accord- 
ing to the Norymberski method of assay, 
which is claimea by Hubble (1955) to be the 
best test of adrenocortical function. 

The variations in adrenal and testicular 
function reflected by alteration in the excre- 
tion of 17-ketosteroids were investigated and 
discussed by Butt and co-workers (1950). 

While assay of the urinary 17-ketosteroids 
can provide diagnostic information for de- 
tecting hyperfunction or hypofunction of the 
adrenal cortex, estimation of these products 
is of no help in determining the role of the 
adrenal cortex in the pathogenesis of hyper- 
tension. Possibly the discovery of other com- 
pounds may indicate some of the lesser known 
or unknown functions of the adrenal cortex. 


CORTICAL-LIKE MATERIALS 


Extracts of urine contain a complex mix- 
ture of substances which exert a biological 
effect similar to that of the adrenal cortex 
steroids and reflect the physiological activity 
of the gland. Identification of the urinary 
corticosteroids has given some insight into 
the work of the adrenal cortex. 

A significant increase in the free and con- 
jugated formaldehydogenic corticoids was 
found by Venning and others (1954) in pa- 
tients with toxemia of pregnancy. In patients 
with hypertension the values were only 
slightly greater than normal. The sodium- 
retaining factor was increased in all the cases 
of toxemia. 

Paper chromatography techniques have 
shown that the excretion of hydrocortisone 
and certain related compounds is increased 
after the stress of surgical operations and 
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after the administration of corticotropin or 
cortisone (Cope and Hurlock, 1954). 

In patients with essential hypertension no 
significant modification in the urinary steroid 
fractions was obtained with restricted sodium 
intake whether there was change in the blood 
pressure or not ; the patients were studied for 
months, their urinary steroid excretion being 
determined at frequent intervals by chroma- 
tographic fractionation procedures (Genest, 
1954).* However, it is now realized, since 
the work of Tait and others (1952), that dif- 
ferent methods may be required, since aldo- 
sterone, for example, is present in fractions of 
a microgram per liter of body fluids. 


COMMENT 
THE RENAL PRESSOR MECHANISM 

The Goldblatt method (1937) and its vari- 
ations for the production of experimental 
renal hypertension are well known, and much 
work has been done to elucidate the chemical 
factors involved. In recent years Shorr and 
others (1948) have stated that under anaero- 
bic conditions the kidney produces a vaso- 
excitor material (VEM) and that a vaso- 
depressor material is produced by liver, 
spleen, and skeletal muscle. The VEM mech- 
anism is dependent on the dietary protein and 
the adrenal cortex, i. e., the latter is necessary 
for the integrity of the renal VEM mechan- 
(1951) that increased amounts of VEM are 
ism. It is also stated by Shorr and others 
found in the blood of patients with essen- 
tial hypertension, renal hypertension, and 
eclampsia. This work has been severely criti- 
cized by Page (1954) and needs careful re- 
assessment. 


THE ROLE OF THE ADRENAL GLANDS 


It has been demonstrated that not only are 
mineralocortocoids and glucocorticoids se- 
creted together by the adrenal gland but that 
the mineralocorticoid secretion can vaty in- 
dependently of glucocorticoid secretion and 
can be influenced by extrapituitary factors. 

Thus, it has been shown by Prunty and 
others (1954) that the factors controlling the 
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secretion of aldosterone are different from 
those which promote the formation of hydro- 
cortisone or the androgenic steroids. 

The adrenal cortex may influence the cir- 
culatory system in different ways: (1) by 
controlling electrolyte and water metabolism 
and body fluid and blood volume, (2) by 
maintaining responsiveness of the system to 
pressor substances in the blood or to other 
hypertensive stimuli, (3) by storing sub- 
stances which may protect the adrenal me- 
dulla hormones. The adrenal cortex hor- 
mones are necessary in rats for maintaining 
arterial tone and its response to arterenol 
(Fritz and Levine, 1951). 


The evidence for cortical overactivity in 
hypertensive disease suggested by such asso- 
ciated metabolic abnormalities as (a) dis- 
turbance of salt and water metabolism, ()) 
hyperglycemia and reduced sugar tolerance, 
and (c) hypercholesterolemia, was discussed 


previously. 

Hans Selye, whose theory of diseases of 
adaptation has been the subject of much criti- 
cism, has admitted that it will take years be- 
fore the details of the general adaptation syn- 
drome are satisfactorily elucidated. He still 
adheres to his views concerning mineralo- 
corticoids and glucocorticoids and _ believes 
that their secretion is controlled by the hypo- 
physeal growth hormone (STH) and adreno- 
corticotropic hormone (ACTH), respec- 
tively; this question is controversial. All 
evidence points to the conclusion that stress 
results in increased secretion of adrenocorti- 
cotropic hormone. Selye (1950) thinks that 
it is highly probable that the salt-retaining 
hormones increase the production of renal 
pressor substances which are ultimately re- 
sponsible for the renal hypertension and the 
vascular changes. 

One objection that was raised to Selye’s 
hypothesis (that hypertension and certain 
other diseases are diseases of adaptation and 
caused by an abnormal adaptive response of 
the adrenal cortex) was that desoxycorticos- 
terone, used in his experimental work, had 
not been proved to be an adrenal cortex hor- 
mone. This objection is no longer tenable, 
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since salt-retaining steroids have been demon- 
strated as naturally occurring adrenal cortex 
hormones. In fact desoxycorticosterone has 
recently been isolated from adrenal venous 
blood of the dog and appears to be secreted 
by the adrenal (Farrell and others, 1954). 
According to Hechter and Pincus (1954), 
desoxycorticosterone would appear to be the 
natural precursor of both corticosterone and 
aldosterone. They consider, too, that there 
may be several mineral-corticoids possessing 
greater activity than desoxycorticosterone in 
adrenal venous blood in addition to aldo- 
sterone. 

It is wrong to assume that the production 
of cortical hormones is only a reaction to 
stress; during rest the metabolism needs 
corticoids also. The adrenal cortex is not 
necessary for the stress (alarm) reactions 
but for the state of the tissues in which the 
reactions occur. 

As far as experimental hypertension 1s 
concerned, the work of Ledingham and of 
Floyer shows that the adrenals play a part 
in the mechanism which maintains hyper- 
tension. They have demonstrated that in 
chronic renal hypertension there is an extra- 
renal pressor mechanism which is closely 
linked with the and with salt 
metabolism. 


adrenals 


THE HypotHALAMO-PITUITARY MECHANISM 


The rate of adrenal cortex 
controlled by the activity of the anterior 
pituitary gland, but the rate of secretion of 
corticotropin and hence of the adrenal hor- 
mones is not constant and is much increased 


secretion is 


by almost any stimulus or change in internal 
and external Discharge of 
corticotropin from the adenohypophysis is 
important in the activation of the adrenal 
cortex, but it has been demonstrated that 
mineralocorticoid secretion can be influenced 
by extrapituitary factors. The nature of the’ 
regulatory mechanism determining the rate 
of discharge of corticotropin has caused 
much controversy. Sayers (1950) discussed 
the mechanisms under the headings periph- 
central-neural, and _ central- 


environment. 


eral-humoral, 
neurohumoral. 
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Corticotropin may raise the blood pressure 
in nonhypertensive patients (Perara, 1950). 
It has been suggested that during emotional 
stress release of corticotropin may be caused 
by circulating epinephrine (Gershberg and 
others, 1950). Perhaps only emotional stim- 
uli produce their effect through the hypo- 
thalamus, whereas all other stimuli act on the 
anterior pituitary gland directly. 

The role of the hypothalamus seems to 
be the initiation of an increased secretion of 
corticotropin in response to various kinds 
of stress. The effect of the hypothalamus on 
the pituitary appears to be mediated by a 
humoral substance ; according to some work- 
ers, the stimuli consist of a neural and a 
vascular component (Symposium, 1952). 

The manner in which corticotropin is 
released from the adenohypophysis is still 
the subject of controversy. 


Tue Basis OF THE TREATMENT OF HYPERTENSION 

Various dietary, pharmacological, and 
surgical measures are advocated as helpful 
in the control of hypertension. 

A. Diet.—In a detailed study Hatch and 
others (1954) confirmed that the essential 
antihypertensive principle in the Kempner 
rice-fruit diet lies in the extremely low 
sodium content. 

It was suggested that a diet low in sodium 
might prove to be better than surgical 
(sympathectomy) procedures in the treat- 
ment of essential hypertension (Bryant and 
Blecha, 1947). 

In experimental hypertension in 11 dogs 
the blood pressure fell in every animal receiv- 
ing the Kempner diet (rice and fruit juice) 
(Dick and Schwartz, 1947). 

The prolonged deprivation of dietary 
potassium has been demonstrated by Freed 
and others (1954) to lower markedly the 
blood pressure of the rat, and it has been 
‘suggested by these workers that this may in 
part be due to suppression of adrenal cortex 
function induced by the chronic potassium 
deprivation. In the hypotensive potassium- 
deficient rat the full restorative effect of 
potassium repletion on the blood pressure 
required the presence of the adrenal glands. 
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In four patients Perara (1953) has shown 
that a potassium-deficient diet produces a 
depressor response in hypertensive subjects ; 
he considered that the adrenal cortex might 
be involved but that the direct role of cations 
on neuromuscular transmission or on blood 
vessel walls is also possible. 

A study of the zona glomerulosa of the 
adrenals in 54 hypertensive patients who had 
received a salt-free diet allowed no conclu- 
sions to be drawn regarding the role of the 
adrenal cortex in the genesis of hypertension 
(Peschel and Race, 1954). 

It is possible that diets low in either sodium 
or potassium lower blood pressure by reduc- 
ing the elevated sodium or potassium in the 
arteries of hypertensives to a more normal 
level (Tobian and Binion, 1954). 

B. Drugs.—A number of so-called anti- 
hypertensive drugs have been introduced in 
the last few years for the treatment of arterial 
hypertension. Until a few years ago the use 
of potassium thiocyanate was virtually the 
only practical method of reducing the blood 
pressure other than surgical methods of 
treatment. The therapeutic use of this drug 
may be associated with a histological picture 
of “adrenal exhaustion’ according to Davis 
and others (1950), or it may act by causing 
sodium diuresis (Pines and Perara, 1952). 
It has generally been superseded by numer- 
ous other hypotensive drugs; for recent re- 
views see, for example, Schroeder (1954) 
and Rosenheim (1954). 

The adrenergic blocking agents that lower 
blood pressure are not being used on a truly 
rational basis, since the assumption that the 


increased peripheral resistance characteristic 
of hypertension is a result of increased tone 
of the autonomic nervous system is without 
any experimental support. 


The slowness of action of Rauwolfia alka- 
loids has suggested that they act through 
some hormonal or other intermediate mecha- 
nism. Thus, one route may be through the 
sex-stimulating steroids of the adrenal cor- 
tex, as men notice a decrease in libido while 
taking these drugs (Williams, 1954). Bein 
(1953), however, found that reserpine does 
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not affect the secretion of pressor amines by 
the adrenal cortex. 

The various drugs in use at present 
(hexamethonium, hydralazine, and Rau- 
wolfia and Veratrum alkaloids) fail to 
modify the fundamental defect responsible 
for hypertension. 

C. Surgical Measures——(a) Sympathec- 
tomy: Sympathectomy followed by restric- 
tion of sodium intake if necessary is regarded 
by Kahn (1954) as a successful treatment 
at present for severe progressive hyper- 
tension. The mechanism by which high blood 
pressure or certain of its symptoms is low- 
ered in man by “surgical sympathectomy” 
is not completely understood. Some explana- 
tions were presented in a previous paper. 
The operation of splanchnic section dener- 
vates the adrenals as well as the kidneys, 
but the effect of denervation of the adrenal 
cortex is unknown (Etienne-Martin, 1954) .t 
The relation between the sympathoadrenal 
system and the pituitary-adrenocortical sys- 
tem has been referred to earlier in the present 
paper. 

The use of drugs to cause sympathetic or 
adrenergic blockade (‘“‘chemical sympathec- 
tomy”) was considered above. 

(b) Adrenalectomy: The adrenal glands 
are being more frequently removed nowadays 
in man for the relief of essential hyperten- 
sion; notwithstanding the views of workers 
like Merrill (1952), who supports the thesis 
that the adrenal cortex secretions are in- 
volved in the maintenance of hypertension 
but considers that the psychotherapeutic 
effect of prolonged hospitalisation and care- 
ful follow-up of interested physicians may 
play a role in the therapy independent of the 
operative procedure. 

The successful reduction of the systolic 
and diastolic pressures by subtotal bilateral 
adrenalectomy was reported by de Courcy 
(1934). Since then, others have performed 
total adrenalectomy as modern advances 
have made the operation easier and mainte- 
nance of the patient has become simplified. 
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Subtotal adrenalectomy was used as an 
aid to other surgical measures by Pickering 
and others (1952) and by Etienne-Martin 
1954.§ Sympathectomy with subtotal or total 
adrenalectomy was performed in 99 patients 
with severe hypertension by Jeffers and 
others (1953). Bilateral partial adrenalec- 
tomy has been performed for severe hyper- 
tension in 27 patients, and 21 followed for 
up to 22 months had normal blood pressure 
(Bowers, 1954). Encouraging results were 
obtained from bilateral adrenalectomy in 
patients suffering from hypertensive cardio- 
vascular disease (Wolferth and _ others, 
1951). Bilateral total adrenalectomy has also 
been used as treatment for severe cases of 
hypertension by Thorn and others (1952) 
and Harrison and others (1952). 


The question of adrenalectomy and other 
measures used in essential hypertension is 
discussed by Rosenheim (1954). 

In Cushing’s syndrome, the immediate 
cause of which is overactivity of the adrenal 
cortex (tumour or hyperplasia), hyperten- 
sion has now superseded infection as the 


most important cause of death and must 


be checked before it becomes irreversible 
(Bishop and others, 1954; Beck and others, 
1954) ; adrenalectomy (with irradiation of 
the pituitary) produces a decrease in the 
hypertension and improvement in other 
features. 

Several organic compounds apparently 
interfere with steroid metabolism of the 
adrenal cortex, for example, anethole (Edel- 
mann, 1953) and 2,2-bisparadichlorophenyl- 
1,1-dichloroethane (DDD) (Brown, 1953) 
inhibit activity in the zona reticularis and 
zona fasciculata but not in the zona glomeru- 
losa. It may become possible to inhibit other 
adrenal cortex factors or mechanisms in the 
way that cortisone (and hydrocortisone) 
reduce the hypertension and other features 
of congenital adrenal hyperplasia (Wilkins 
and others, 1952) and the new steroid 
U-C16C inhibits the hypertension produced 
by desoxycorticosterone (Stafford and oth- 
ers, 1953). In animals chlorpromazine sup- 
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presses the pituitary-adrenal mechanism 
( Hopkin, 1955). After a course of cortisone 
therapy the adrenal cortex is atrophic and 
inactive (Stoner and Whiteley, 1954), and, 
while in many cases cortical regeneration is 
thought to have taken place (Salassa and 
others, 1953), there may be a point at which 
atrophy becomes permanent. In some such 
way, by chemical hypophysectomy or chemi- 
cal adrenalectomy, improvement in hyperten- 
sive vascular disease might be achieved; in 
the event of adrenal insufficiency being pro- 
duced the patient could be maintained with 
a suitable substance which itself does not 
elevate the blood pressure above normal 
levels. 
CONCLUSIONS 

It seems that essential hypertension can 
still be viewed as nonrenal in origin and that 
the adrenal cortex is of importance in this 
condition. There is no doubt that the presence 
of adrenal cortex hormones is essential for 
the overt manifestation of such diseases as 
hypertension, diabetes mellitus, and prostatic 
cancer, but the conclusive proof of the exact 
role of the adrenal cortex in essential hyper- 
tension remains to be established. The com- 
plicated nature of the subject is well shown 
by the varied opinions expressed in the 
Symposium on Humoral and Neurogenic 
Factors in Hypertension (1954). 

In a review of the literature concerning 
the adrenal cortex and hypertension, Perara 
(1950) stated that the adrenal cortex seems 
to be involved in many forms of experimental 
hypertension, that the adrenal cortex and 
the sodium ion are definitely related to the 
regulation of the blood pressure, and that 
a possible relationship to essential hyperten- 
sion has: not yet been excluded; he doubts 
whether the solution of the problem lies 
within the adrenals. However it is still con- 
ceivable that an understanding of adrenal 
mechanisms may cast light on some funda- 
mental mechanisms of hypertensive disease ; 
this is supported by Dieckmann (1952) 
Floyer (1951, 1954|]) and Ledingham 
(1951, 19549) strongly believe that an 
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extrarenal pressor mechanism is closely 
linked with the adrenal cortex and with salt 
metabolism. 

According to Grollman and Konnerth 
(1951), hypertension is not due to adreno- 
cortical or pituitary dysfunction induced by 
stress or nervous influences. 

A working hypothesis has been proposed 
by Wakerlin (1953) which interrelates 
neurogenic, renal, and endocrine factors be- 
lieved to be important in the pathogenesis of 
essential hypertension. He also considers 
that the recently developed techniques for 
the differentiation and quantitative estima- 
tion of adrenal cortex steroids and their 
degradation products excreted in the urine 
may reveal a significant increase in an 
adrenal cortex steroid as yet unidentified 
but which may be secreted in small quantity 
and have a pronounced pressor effect. 

Since adrenal cortex hormones maintain 
the normal arterial tone and the sensitivity 
of these vessels to adrenergic hormones, 
hypertension may develop in man on the 
basis of hormonal or humoral sensitization 
of peripheral vessels to sympathetic action. 
The evidence at present indicates that the 
adrenal cortex is more fundamentally con- 
cerned in the maintenance of hypertension 
than is the sympathetic nervous system. As 
far as surgical treatment is concerned, fur- 
ther observation will be required to establish 
whether some type of sympathectomy and 
adrenalectomy is best or whether adrenalec- 
tomy alone is superior. If such surgical 
treatment proves successful, the eventual 
treatment of hypertension with drugs be- 
comes more likely, since it points towards 
the medical control of the sympathetic nerv- 
ous system activity and the depression of 
adrenal cortex function. 

By the use of suitable drugs acting on the 
anterior pituitary gland or directly on the 
adrenal cortex (chemical hypophysectomy 
or chemical adrenalectomy) the elevated 
blood pressure and other features of hyper- 
tensive disease may be restored to normal. 
Suitable agents are available to maintain 
the patient should adrenal insufficiency be 
produced. 
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Soke Hepatitis 


Absence of Diffuse Lesions at Autopsy and in Biopsies 
B. H. KEAN, M.D., New York 
AUUUTLUNLNNLYUAOIIIOUHNRHENTHILUIUUY 


The clinical syndrome of amebic hepatitis 
consists of hepatomegaly, hepatic tender- 
ness, slight to moderate fever, moderate 
leucocytosis, and laboratory evidence of he- 
patic dysfunction in a patient with a history 
of intestinal amebiasis.* An important fea- 
ture is response to specific antiamebic ther- 
apy. The lesion in the liver is assumed to be 
a diffuse hepatitis caused by Endamoeba 
histolytica in contrast to the classic localized 
amebic abscess. 

The purpose of this paper is to report 
the absence of specific diffuse hepatic lesions 
in (I) a large series of autopsies from an 
area where the incidence of intestinal amebia- 
sis is moderately high; (II) 148 persons 
who died of amebiasis; (III) 50 patients 
with the clinical pattern of diffuse amebic 
hepatitis who were subjected to liver biopsy. 
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DEFINITIONS 


The following definitions will be employed 
to distinguish terms which have been used 
synonymously and which may represent dif- 


ferent entities. 
Amebic Abscess of 
which may be small or large, single or multiple, in 
which hepatic tissue is necrotic, an inflammatory 
reaction is present, and E. histolytica trophozoites 


Liver: A _ localized lesion 


are demonstrable. 

Amebic Hepatitis (Diffuse Amebic Hepatitis) : 
Since no adequate histologic description is available, 
it is difficult to provide a fair definition. It may be 
considered a diffuse lesion, involving all lobes and 
most lobules, and its sine qua non is that it is 
caused by E. histolytica, which should be demon- 
strable. This lesion may be thought of as comparable 
in distribution to a viral hepatitis. It is regarded 
by some as consisting of multiple microabscesses 
scattered in all lobes, whereas others may conceive 
of it as a focal lesion similar to that seen in leprosy, 
typhoid fever, and brucellosis. 

Hepatic Amebiasis (Amebic Involvement of the 
Liver): A noncommittal term which includes both 
amebic abscess and amebic hepatitis. 

Hepatic Abscess: 
amebic abscess of liver but may be used to include a 
nonamebic (bacterial) abscess and hence is to be 
avoided, as possibly causing confusion. 

Infected Amebic Abscess of Liver: 
abscess which also harbors bacteria 
Escherichia coli or Staphylococcus aureus). 


Generally synonymous with 


An amebic 
(usually 


MATERIAL 
I. GENERAL Autopsy SERIES 

Four thousand four hundred seventy-eight con- 
secutive autopsies at the Board of Health Labora- 
tory, Gorgas Hospital, Ancon, Canal Zone, covering 
the period 1931-1945, were reviewed. Histologic 
sections of the liver were available for all except 
a few score persons who were burned or in whom 
extensive. Blocks 
taken by several 
appeared normal 


postmortem decomposition was 
of liver for section had 
pathologists from areas 
grossly or in a random fashion from those livers 


been 
which 


in which no lesions were recognized. In most of 
the autopsies only one section of liver was available 
for review. 
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Two thirds of the patients were males. Ten per 
cent were Panamanian mestizos, in whom the 
incidence of intestinal amebiasis was approximately 
20%.+ Ten per cent were white Americans, with 
an incidence of amebiasis of 8.5%.'* Sixty per cent 
were West Indian negroes who lived in the Canal 
Zone and in the Republic of Panama; the exact 
incidence of amebiasis in this group was not known, 
but an estimate of 10% to 15% is conservative. 
The remainder were Chinese, Hindu, Italian, and 
others, in whom the incidence was also at least 
10% to 15%. Thirteen of the 4478 died of amebi- 
asis usually with amebic abscesses of the iiver.15 


Results.—The. histologic sections of the 
liver in all of these cases were carefully re- 
viewed in a specific search for lesions caused 
by E. histolytica. No incidence of a diffuse 
hepatitis due to E. histolytica was found. 

Comment.—Other recent autopsy surveys 
in the tropics such as those of Da Silva," 
in Singapore (5000 autopsies), and Donoso, 
Amenebar, Zacarias, and Rojas,’ in Chile 
(10,910 autopsies), also failed to reveal in- 
stances of diffuse hepatitis due to E. histo- 
lytica. 

Il. Fatat Cases oF AMEBIASIS 

The files at the Armed Forces Institutes of Pa- 
thology include 350 cases in which death was due to 
amebiasis. In approximately half of these cases 
intestinal complications such as perforation and 
peritonitis were responsible for death. In the other 
half amebic abscesses of the liver, some infected, 
were the cause of death. One hundred forty-eight 
of the 350 cases were considered satisfactory for 
review. None met the criteria for a diagnosis of 
diffuse amebic hepatitis. A more detailed report 
on this series will be published.?5 


III. Biopsy SERIES 

Autopsy material, it might be claimed, 
provides late lesions only, the acute or sub- 
acute diffuse hepatitis having disappeared 
long since. For this reason it seemed appro- 
priate to study carefully, at the time the 
diagnosis was made, those cases which met 
generally accepted clinical criteria of diffuse 
amebic hepatitis. 

In the files of the Armed Forces Institutes of 
Pathology, in the section on Liver Biopsy were 


listed at the time this study was initiated 57 cases 
with the clinical diagnosis of amebic hepatitis. The 


+ References 13 and 14. 
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biopsies were submitted for study during the period 
1949-1954, although most were received in 1952 
and 1953, when the relative safety of liver biopsy 
had been established and there was less reluctance 
to use this diagnostic procedure. Seven cases were 
discarded because the clinical evidence for amebiasis 
was considered unsatisfactory and there was no 
evidence of amebiasis on biopsy. The records of 
the remaining 50 cases were analyzed, and the 
histologic sections of the liver biopsy specimens 
were reviewed in this study. 

Clinical Diagnosis (Formal Listing of 
Submitted Specimens ).—All of the patients 
in this series were considered by the clini- 
cians to have amebic disease of the liver. Ten 
specimens were submitted under a diagnosis 
of “amebic abscess”; nine under “amebic 
hepatitis”; three under “hepatic amebiasis” ; 
eight under “amebic dysentery”; eleven un- 
der “amebiasis” ; in nine no specific diagnosis 
was recorded. These diagnoses reflect the 
differences in vocabulary of the physicians 
who submitted the specimens rather than 
differences in clinical cases. 

All patients met the following criteria: 
1. They had substantial evidence ot intestinal 
amebiasis either current or past. 2. There 
was strong suspicion that the liver was in- 
volved by the amebic process—suspicion 
strong enough to justify liver biopsy by many 
different physicians at several hospitals. 3. 
No large or localizing abscess was evident, 
the clinician considered the amebic 
process diffuse. 


and 


Clinical Data—Age, Sex, and Nativity 
of Patients: Of the 50 patients, 2 
under 20 years of age; 19 were between 
21 and 30 years; 13, between 31 and 40 
years; 7, between 41 and 50 years, and 9 
were over 50 years. The age distribution 
reflects in general the military source of the 
material, but the figures suggest that the 
patients were somewhat older than the mili- 
tary average. There were 46 males and 4 
females in the series. Twenty-nine patients 


were 


tIt should be noted that Dr. Hans Smetana and 
Dr. I. N. Dubin, of the Armed Forces Institutes of 
Pathology, had come to the conclusions reached by 
this study while they routinely studied the material 
as it was submitted from the field (Reference 19 
and personal communications to the author) 
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were born in the United States. The dis- 
tribution of the others was as follows: China, 
seven; one each for South America, Siam, 
Iraq, Turkey, and Japan, and nine did not 
state their country of origin. 

Where Disease Was Acquired: In 27 of 
the 50 patients a reasonably accurate state- 
ment could be made as to where the amebia- 
sis was acquired. Eleven contracted it in the 
United States. There were nine who acquired 
it in Korea; two each in Siam and the South 
Pacific ; and one each in India, Italy, and the 
Philippines. In the remaining 23 cases the 
locale of acquisition was not stated or was 
undetermined. 

It is of significance that of the 27 patients 
upon whom we have information as to where 
they acquired their amebiasis, 11, or almost 
half, were infected in the United States. 

Duration of Illness Before Liver Biopsy 
Specimen Was Taken: 

Patients, No. 

1 month 7 
1-2 months 
2-6 months 
6 months to 1 year 
1-5 years 
6-10 years 
11-20 years 
Over 20 years 
Not stated, or uncertain 

a 

Twenty-eight (56%) of the patients were 
ill less than a year, and fourteen (28% ), less 
than two months. 

Amebae in Stools: Twenty-nine patients 
had stools that were positive for E. histo- 
lytica; nine had negative stools, and in 
twelve the data were incomplete or no state- 
ment was available. 

These figures refer only to the findings 
by the physicians submitting the biopsy speci- 
men. Most of the patients listed as not having 
amebae in the stools gave a history of a 
laboratory diagnosis of amebiasis at some 
time past. 

Clinical Evidence of Liver Disease: 
Twenty-five patients had dysentery ; twenty- 
one gave no history of dysentery, and four 
had abdominal pain and miscellaneous symp- 
toms. Except for jaundice, the hepatic 


symptoms were too vague for listing. The 
indefinite terms of malaise, weakness, ano- 
rexia, etc. were sprinkled in the records, 
but the objective evidence was considered 
of much greater significance. Five patients 
had an elevated diaphragm ; twenty-two had 
hepatomegaly ; seventeen had hepatic tender- 
ness, and thirteen were jaundiced. Thirty- 
six patients had one or more of these signs 
of liver disease at the time biopsy was taken. 
In six these signs were absent, and in eight 
no statement was recorded or the findings 
were equivocal. 

Laboratory Evidence of Hepatic Disease: 
In 17 cases tests of liver function were ab- 
normal; in 13, within normal range. The 
tests for liver function included usually 
cephalin flocculation, thymol turbidity, serum 
bilirubin, van den Bergh, alkaline phospha- 
tase, cholesterol and cholesterol esters, al- 
bumin-globulin ratio, and sulfobromophtha- 
lein retention. In 15 cases laboratory tests 
were not done, were not recorded, or were 
equivocal. In five cases a therapeutic test 
with emetine or chloroquine gave positive 
response (rapid disappearance or remission 
of symptoms). 

Biopsy Findings (Summarized in the 
Table): In 41 of the 50 cases the biopsy 
revealed normal hepatic tissue. In five cases 
the wall of an abscess was visible; three 
of these contained amebae, and two were 
pyogenic in origin. One section showed 
Laennec’s cirrhosis, and another, an adeno- 
carcinoma. In no instance was evidence of 
a diffuse hepatitis found. E. histolytica were 
seen only in the three specific abscesses. Two 
cases in which there could be a reasonable 
difference of opinion as to the significance 
of the histologic changes in the liver are 
described in more detail. 


Summary of Biopsy Findings 








Normal liver 
Amebie abscess 
Pyogenic abscess 
Cirrhosis 


Diffuse hepatitis 
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TWO DOUBTFUL CASES 


Case 2.—A 23-year-old American had acquired 
hepatitis with jaundice one year previously in Italy. 
He had symptoms of diarrhea, nausea, and vomit- 
ing. E. histolytica were present in the stool. The 
liver was enlarged and tender. Cephalin-flocculation 
test was positive, and serum bilirubin was elevated. 
Biopsy revealed areas of focal necrosis character- 
ized by the presence of numerous giant cells and 
eosinophilic leucocytes. There was considerable 
periportal infiltration by lymphocytes and plasma 
cells, and fibroblastic proliferation suggested an 
early portal cirrhosis. No amebae were demon- 
strated. Although it was studied by many, the histo- 
logic pattern was considered unique, and no specific 
diagnosis could be made. 

Case 34.—A 44-year-old American, six years 
previously, had been treated for a liver abscess and 
pleurisy, presumably amebic in origin, acquired 
while on duty in the South Pacific. For three weeks 
he had been ill with right upper quadrant pain, 
which responded rapidly and dramatically to ther- 
apy with chloroquine diphosphate. Amebae could 
not be demonstrated in the stool with certainty. The 
liver was slightly enlarged. Hepatic function tests 
were normal. Clinical diagnosis was “acute hepatitis 
due to E. histolytica.” Biopsy done before therapy 
revealed evidence of a healed hepatitis with early 
cirrhosis. No amebae could be found in the sections. 
It is possible that this patient had an undiscovered 
amebic abscess that was responsible for his symp- 
toms and responded to therapy. Although the possi- 
bility exists that the healed hepatitis with early 
cirrhosis could have been a sequel of his ainebiasis, 
a tenable and perhaps more probable explanation is 
that the hepatitis was viral in origin and that an 
unassociated amebic abscess was also present. 


COM MENT 


As a clinical entity, “diffuse amebic hepa- 
titis’ has been described and discussed by 
many. Ochsner and DeBakey * summarized 
the literature up to 1943. Payne,’ in his 
report on 1000 cases of amebiasis, stated 
that 50% had hepatitis (which he distin- 
guished from the 2.8% that had abscesses), 
and he considered hepatitis so common as 
to be regarded part of the intestinal disease. 
Peake and Eskridge * estimated that a million 
persons in the United States suffer from 
hepatic invasion with E. histolytica. Sodeman 
and Lewis * reported on 33 cases of amebic 
hepatitis. Later Sodeman§ described the 
clinical picture of amebiasis, emphasizing 


§ References 4 and 5. 
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hepatomegaly, hepatic tenderness, leucocy- 
tosis associated with the presence of colonic 
amebiasis, variable laboratory findings, and 
response to specific therapy even if directed 
only against the intestinal disease. Ouary ° 
emphasized the clinical differences between 
amebic hepatitis and amebic abscess. Sepul- 
veda, Jinich, Bassols, and Munoz ® classified 
amebiasis into three clinical forms: acute 
hepatitis, acute abscess, and chronic abscess. 
Mazzitelli °° described “positive liver tests” 
in approximately 50% of 153 patients with 
amebic colitis. 

Despite the clinical evidence for the exist- 
ence of amebic hepatitis, little anatomical 
evidence is available—and most of that is 
based on animal experimentation, which may 
or may not reflect the pathogenesis of the 
disease in man. Carrera *! described in detail 
the hepatic lesions in 2 kittens of 183 which 
had been inoculated per rectum with E. 
histolytica of human origin. Maegraith and 
Harinasuta *? were able to produce scattered 
focal lesions in the liver of guinea pigs by 
injecting suspensions of washed E. histolytica 
into the mesenteric and portal veins. Their 
best results were obtained in those animals 
with a persistent intestinal infection. Car- 
rera and Faust ** found amebae on culture 
in the liver of a guinea pig with experimental 
intestinal amebiasis. Rees, Taylor, and Rear- 
son ** cultured E. histolytica from the livers 
of 15 of 20 guinea pigs infected intracecally 
with E. histolytica. No macroscopic or micro- 
scopic lesions, however, were noted in these 
animals. Yashimura || was successful in pro- 
ducing hepatic abscesses in rats by injecting 
directly into the liver cultured E. histo- 
lytica with a mixed bacterial flora. He em- 
phasized the difference in virulence among 
several strains of E. histolytica. Moretti and 
Desnues *’ failed in similar experiments on 
cats. Reinertson and Thompson ** described 
the production of amebic hepatitis in hams- 
ters by direct inoculation of amebae with 
associated bacteria into the liver, but the 
lesion was typically single, with metastases 
to other lobes. Injections into the portal 


|| References 25 and 26. 
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vein gave rise to numerous small focal le- 
sions. Bacteria persisted in all lesions. Pal- 
mer *° published histologic data on 1 human 
case and described 10 others in which focal 
lesions due to amebiasis were postulated. 
He used the term “infarct” to describe the 
hepatic damage seen in his case. It is of 
interest that the lesions described by Car- 
rera ** and Maegraith were also charac- 
terized as infarcts. Chatgidakis *° reviewing 
9500 autopsy records in Johannesburg, col- 
lected 157 cases of amebiasis “of which 87 
had amebic abscess of the liver and 1 had 
amebic hepatitis.” The case reported by 
Chatgidakis seemed unique in that the “le- 
sions somewhat resembled the lymphomatous 
nodules of typhoid fever and were usually 
situated in the midzonal or central part of the 
liver lobule. No thrombosis was noted.” 

These reports do not provide a convincing 
or satisfactory explanation for the clinical 
syndrome described by the term “diffuse 
amebic hepatitis.” 

It is not our purpose to deny that patients 
with intestinal amebiasis and without large 
localized abscesses may have clinical evidence 
of hepatic disease that often responds to 
antiamebic therapy. But another explanation 
for this syndrome may be proposed on theore- 
tical grounds. 

The liver may be regarded as the venous 
depot for the intestinal tract. In any ulcera- 
tion of the bowel, bacteria, debris, and other 
“noxious” material may be carried to the 
liver, causing sufficient hepatic reaction to 
come to clinical attention. In nonspecific 
ulcerative colitis, in diverticulitis, in intestinal 
carcinoma without metastases, some evidence 
of hepatic disease may be demonstrable, 
either symptomatically or objectively. The 
clinical symptoms of “amebic hepatitis,” the 
variable signs, and the indefinite laboratory 
findings may well be the result of intestinal 
ulceration rather than of a specific involve- 
ment of the liver. A response of antiamebic 
or so-called specific therapy may be the re- 
sponse to healing of the intestine and/or 
to elimination of small localized abscesses. 


{ Maegraith, B.: Personal communication to 
the author, August, 1954. 


In this connection, attention may be di- 
rected to the work of Carrera and Sadun,** 
who compared weights of the livers of guinea 
pigs having experimental cecal amebiasis 
with those of controls. Although histological 
examination failed to reveal any hepatic 
lesions, the livers of the animals with in- 
testinal amebiasis weighed more than the 
livers of controls. In a small group of human 
beings, Carrera and Sadun reported that 
the livers of patients with intestinal amebia- 
sis weighed more than the livers of persons 
of the same body weight and age without 
intestinal amebiasis, care having been taken 
to exclude cases with amebic, neoplastic, 
and other diseases of the liver. 

Another possible explanation is suggested 
by the work of Maegraith,** who found that 
if amebae were injected into the portal cir- 
culation of mice hepatic lesions did not usu- 
ally develop. If intestinal amebiasis was 
established first, however, and amebae then 
injected into the liver, lesions resembling 
infarcts and containing amebae could be 
produced. This suggests that a sensitization 
of the liver to amebae or their associated 
bacteria is possible. 

Failure to demonstrate histologic lesions 
of a disease is hardly conclusive evidence 
that the entity does not exist. Nevertheless, 
in such a common disease as amebiasis, in 
which the etiologic agent is visible, failure 
to find a specific lesion in the liver suggests 
that the clinical picture of amebic hepatitis 
may be due to other processes rather than 
to diffuse hepatic necrosis caused by E. histo- 
lytica. Others also have failed to demon- 
strate specific hepatic lesions in patients with 
clinical amebic hepatitis. Bonnin and Mor- 
etti®? considered hepatic amebiasis an in- 
variable accompaniment of intestinal amebia- 
sis. They described four patients with liver 
tenderness, slight fever, and positive Hanger 
tests. Liver biopsies showed an increase in 
periportal connective tissue, but amebae were 
not identified. Elsden-Dew # stated that in 
Africa in many scores of patients with the 
clinical picture of “amebic hepatitis” the 


# Elsden-Dew, R.: Personal communication to 
the author, November, 1954. 
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liver biopsy was invariably negative and that 
the hepatic symptoms disappeared upon 
treatment of the intestinal phase of the dis- 
ease. 

SUMMARY AND CONCLUSIONS 


Study of histologic sections of the liver in 
a series of 4478 consecutive autopsies, in 
148 fatal cases of amebiasis, and in 50 biopsies 
from patients with the clinical syndrome of 
diffuse amebic hepatitis failed to demonstrate 
specific diffuse lesions produced by En- 
damoeba histolytica. 


The clinical syndrome of amebic hepatitis 
may be due to ulceration of the intestinal 
tract or to other causes, but in the absence 
of positive evidence of anatomical changes 
in the liver it cannot be regarded at the pres- 
ent time as a specific entity. 


ADDENDUM 


Since the data in this paper were assembled, 14 
additional cases of suspected amebic hepatitis have 
been studied by liver biopsy and the material sub- 
mitted to the A. F.I. P. No case of diffuse amebic 
hepatitis encountered in this pathologic 
material. 


was 
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There are situations in which it is impor- 
tant to the physician to know whether or not 
his patient has an inflammatory or tissue- 
destroying process. Time-honored aids to 
the solution of this problem have been the 
patient’s temperature, leucocyte count, and 
erythrocyte sedimentation rate. 


Recently the detection of the C-reactive 
protein in human blood has been gaining 


attention as an index to inflammation or 
tissue destruction within the body. This pro- 
cedure has been used especially for the deter- 
mination of activity in rheumatic fever.* 
It has been shown that it is a sensitive guide 
to rheumatic inflammation, that it disappears 
after suppression of clinical signs and symp- 
toms of activity with either salicylates or 
steroid therapy, and that it reappears if there 
is a clinical relapse. The times of disappear- 
ance and reappearance ordinarily precede the 
corresponding change in the erythrocyte 
sedimentation rate. 

The C-reactive protein has not been re- 
ported in the serum of a normal human, but 
it does appear within 14 to 26 hours follow- 
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ing inflammation or tissue injury.7 It is a 
specific protein which has been crystallized.* 
Present knowledge points toward its being a 
B-globulin, probably bound to a lipid when 
in its usual state in the serum.’ Among 
animals it has been found only in the blood 
of monkeys.® 

The occurrence of such a substance was 
reported 25 years ago by Tillett and Francis.° 
They noted a precipitation reaction between 
the C somatic polysaccharide of the Pneumo- 
coccus and the serum of patients ill with 
various coccal infections or rheumatic fever. 
The reacting substance appeared in the 
serum promptly with the onset of these ill- 
nesses and disappeared when the convales- 
cent stage was reached. 

Later, Lofstrom reported that the capsule 
of the Type 27 Pneumococcus became swollen 
in the presence of serum from acutely ill or 
injured patients.t He showed that the sub- 
stance causing this reaction was _ identical 
with the C-reactive protein.1' This capsular 
swelling method was used in the largest gen- 
eral clinical evaluation so far reported.*” 

\ third, and more convenient, technique 
for detecting this protein was devised when 
it was shown that the C-reactive protein was 
antigenic for the rabbit and that a specific 
antiserum could be prepared.§ This method 
was shown to be more sensitive than that 
using the C poly saccharide.|| It is the basis 
for the present test. 

The introduction of a commercial anti- 
serum has made the detection of C-reactive 


+ References 4 and 5. 
t References 5 and 10. 
§ References 13 and 14. 
|| References 14 and 15. 
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protein a practical procedure for any labora- 
tory. It is a simple precipitation reaction that 
could be done in the doctor’s office. This 
study was undertaken in order to obtain 


information as to the values and limitations 


TasBL_eE 1.—Data Obtained from Patients Without Structural Disease or 
Heart Disease, or a Collagen Disorder 


C-Reactive 
Protein 
Tested, Abnormal, 


No. No. 


0 


9 


Pyogenic bacterial infections 
Bacterial endocarditis 
Urinary tract infections........... 
MN WINE 005.6 < 00 Gisauduceveses 
Bronchopneumonia 
Streptococcus sore throat 
Cellulitis 
Brain abscess 
Paracolon bacteremia 
Osteomyelitis 
Wound infection 
Pelvic inflammatory disease 
Pulmonary tuberculosis 

Disease probably due to virus infection 
Atypical pneumonia 
Infectious mononucleosis 
Virus hepatitis 
Herpes zoster 
Measles 


Widespread malignant disease 
ry eer 
Carcinoma, stomach 
Metastatic carcinoma, 

unknown primary 
Carcinoma, colon 
Carcinoma, pancreas 
Carcinoma, breast 
Carcinoma, prostate 
Malignant melanoma 
Seminoma 
Neuroblastoma 
Osteogenic sarcoma 
Reticular-cell sarcoma 
Lymphosarecoma 
Hodgkins disease 

Limited primary carcinoma or benign tumor 
Carcinoma, cervix 
Adenocarcinoma, rectum 
Astroblastoma, brain 
Benign adenoma, adrenal 

Multiple myeloma 

Leukemia 
Leukemia without infection 
Leukemia with infection 

Rheumatie heart disease 
Inactive 
Possibly active 
Active 


CO ND ee 


Arteriosclerotic heart disease 
Recent myocardial infarct 
Possible myocardial infarct 
Arteriosclerotic heart disease 

without recent infarct 
Arteriosclerotic heart disease with 
recent pulmonary infarct 
Hypertensive cardiovascular 
disease 
Congenital heart disease 

“Collagen” diseases 
Rheumatoid arthritis 
Lupus erythematosus 
Scleroderma 
Periarteritis 

Peptie ulcer 

Ulcerative colitis 


Sedimentation 


Tested, Abnormal, 
No. No. No. No 


of the test when applied to general medical 
problems. A comparison with patient’s 
temperature, leucocyte count, and erythro- 
cyte sedimentation rate was also made in 
those cases in which it might have meaning. 


With Infection, Neoplasm, 


Corrected 

Erythrocyte 

White Blood 
Cell Count 


Rate Temperature 


Tested, Abnormal, Tested, Abnormal, 
No. No. 


26 7 


14 2 
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METHODS AND CRITERIA 


The presence of C-reactive protein was determined 
with the commercial antiserum (Schieffelin & Com- 
pany, New York) and the capillary tube method.?® 
A column of antiserum about 2 cm. long and a 
column of the patient’s serum of the same length 
were run into capillary tubes. These were set in a 
capillary tube rack and incubated at 37 C for 2 
hours and then refrigerated for 16 hours. A 1 mm. 
column of precipitate was called a 1+ reaction and 
so on up to 6 mm. for 6+. A 6+ reaction was ar- 
bitrarily set as the maximum to be recorded. 

The following criteria were set up to correlate a 
patient’s temperature, leucocyte count, and sedi- 
mentation rate with the C-reactive protein results. 
Any amount of C-reactive protein was considered 
abnormal. An oral temperature over 37.5 C at any 
time during the patient’s hospital stay or a leucocyte 
count over 10,000 was regarded as elevated. A cor- 
rected Wintrobe sedimentation rate over 10 mm. 
for men and over 20 mm. for women was deemed 
elevated.17 The great majority of leucocyte counts 
and sedimentation rates were done on the same 
drawings of blood as the C-reactive protein tests. 
In those instances where this was not done, the 
blood samples were obtained within three days of 
each other. It is to be noted that the limits set for 
judging leucocyte count and temperature elevation 
as being abnormal were very low. This leads to a 
better positive correlation with the disease but leads 
to “false positive” results in normals when these 
two indices are evaluated. 


CASE SELECTION AND METHOD OF 
PRESENTATION 


A preliminary study of the sera of 50 
healthy medical students revealed 2 positive 
reactions. Of the two students with positive 
reactions, one had had a wisdom tooth pulled 
and the other had had a severe local immuni- 
zation reaction within 72 hours before the 
blood was drawn. The sera of both were 
negative on retest three to four weeks after 
the first drawing. Two reactions were posi- 
tive in 15 subjects with upper respiratory 
infections. These two infections were the 
severest and were accompanied by a cough, 
but they were not caused by hemolytic 
streptococci. 

From these results it was evident that the 
protein appeared in the blood after very 
minor episodes. Unless thoroughly investi- 
gated patients were used, positive reactions 
due to causes other than the major diseases 
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might have given misleading results. There- 
fore all the cases reported here are inpatients 
with complete work-ups. Three hundred of 
them were consecutive admissions to the 
clinical medical wards. After the results from 
these cases had been studied, especial efforts 


TABLE 2.—C-Reactive Protein in Patients with 
Miscellaneous Diseases 
Tested, Positive, 
No. No. 
Leprosy, mixed, active 1 0 
Trichinosis, acute 
Amebic hepatic abscess.................. 
Coceidioidomycosis, systemic 
Coccidioidomycosis, pulmonary 
Bronchie¢tasis, chronic 
Bronchial asthma 
Sarcoidosis, pulmonary and general.... 
Acute benign pericarditis............... 


— oS a 


tt ett 


Cholecystitis, acute 

Cholelithiasis, chronic 

Diabetes mellitus, uncomplicated 

NEN ac cccudabssncanccadenacecs 

Thyroiditis, subacute 

Thyroiditis, chronic 

Hashimoto's struma 

Myxedema 

Chronic tophaceous gout 

Aplastic anemia without infection 

Aplastic anemia with infection 

Pancytopenia without infection 

Pancytopenia with infection 

Hemophilia with recent bleeding 

Ureteral colic 

Chronie prostatitis 

Polycystic kidneys, severe uremia 

Nephrotic syndrome 

Grand mal epilepsy 

RE IE 6 ba diicadnstdibene canes ke 

Adies syndrome 

Cerebral vascular accident, mild 

Acute general severe atopic dermatitis 

Pseudoxanthoma elasticum with gastro- 
intestinal bleeding 

Psoriasis, severe, general 

Psoriasis with active rheumatoid 
arthritis 

Osteoarthritis, chronic 

Postsurgical cases (within 10 days of 


6 
1 
1 
5 
4 
2 
1 
1 
9 
9 
3 
1 
1 
1 
) 
) 
1 
1 
1 
4 
1 
1 
2 
5 


surgery) 


were made to collect sera from patients with 
myocardial infarcts, virus infections, multiple 
myeloma, or one of the “collagen diseases.” 
Well-studied patients from the private serv- 
ice were included in these categories. 
Tables 1 and 2 contain data from all the 
cases studied. Several broad _ categories 
seemed to lend themselves to analysis and 





C-REACTIVE PROTEIN TEST 
will be discussed as groups, whereas many 
cases were of value only as single observa- 
tions and are recorded as such in Table 2. 
In the total group of 443 cases there were 
29 in which no valid diagnosis could be 
reached. Most of these patients were ill and 
had C-reactive protein in their sera. There 
were 20 patients with positive C-reactive 
protein tests who had two or more disease 
processes which might give rise to a positive 
reaction. Such a case as myocardial infarct 
with urinary tract infection was included in 
this group. In those instances where two 
disease processes were going on, but some 
distinction could be made as to which caused 
the reaction, both diseases were noted under 
the heading of the major process. 


RESULTS 
No OrcGanic DISEASE 

In the two groups of patients with psycho- 
neurosis or no organic disease the diagnosis 
was reached only after complete investiga- 
tions. If they are accepted as normal control 
cases, the number of falsely positive abnor- 
mal results with the C-reactive protein test 
compares favorably with the other indices. 
The two cases who had positive C-reactive 
protein tests are of some interest. One was 
a 72-year-old woman with a history of 30 Ib. 
weight loss over a three- to four-month 
period. Complete gastrointestinal investiga- 
tions revealed nothing, and it was felt that 
her weight loss resulted from a mild depres- 
sion. Her C-reactive protein reaction was 
5+, and her sedimentation rate, white blood 
cell count, and temperature were normal. The 


TABLE 3.—Data Obtained from Patients with 
No Organic Disease 





Corrected 
Erythro- 
cyte White 
O-Reac- Sedimen- Blood 
tive tation Cell 
Protein Rate Count 


Temper- 
ature 
Psychoneurosis 
No. cases tested..... 26 22 26 
No. abnormal values 0 7 
Per cent abnormal.. 27.0 


No organie disease 
No. cases tested $ 14 
No. abnormal values 5 2 


Per cent abnormal.. 


Tas_E 4.—Data Obtained from Patients with 


cy 
C-Reac- Sedimen- Blood 
tive tation Cell 
Protein Rate Count 
cases tested 37 31 36 
. abnormal values.. 34 21 23 
cent abnormal.... OF 


Temper- 
ature 


0 


other patient was very obese and had an 
elevated sedimentation rate but no history 
or physical findings to suggest a reason for 
her 2+ reaction. 


Pyocenic BactErIAL INFECTIONS 

The presence of C-reactive protein in the 
blood was a more sensitive index of infection 
than the other measurements in the group 
of pyogenic bacterial infections. The types of 
disease can be seen in Table 1. All of the 
etiological diagnoses rested on bacterial iso- 
lation except in the cases of cellulitis and 
pelvic inflammatory disease. 

The bacterial endocarditis group was com- 
posed of three staphylococcal, two non- 
hemolytic streptococcal, and two enterococcal 
infections. The case in which no C-reactive 


protein could be found was diagnosed on the 
basis of three cultures positive for Entero- 
coccus, although no heart murmur was heard. 

One 
eight Escherichia coli infections made up the 


Pseudomonas, one paracolon, and 


group of urinary tract infections. The case 
with the negative test for C-reactive protein 
was a mild E. coli infection. The temperature, 
leucocyte count, and sedimentation rate were 
also normal in this case. 

In the entire group the one other patient 
in whom C-reactive protein did not appear 
had a large brain abscess from which non- 
hemolytic streptococci were isolated. He was 
febrile and had an elevated leucocyte count, 
although his sedimentation rate was normal. 
At postmortem examination no inflammatory 
lesion except the isolated brain abscess was 
found. 

TUBERCULOSIS, PULMONARY 

Seven cases of early, active tuberculosis 

were studied. C-reactive protein was present 
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in the serum of only three. Acid-fast bacilli 
were cultured from each very close to the 
time that the blood for C-reactive protein 
was drawn. In one case bilateral pleural 
effusion developed and cultures of sputum 
and gastric juice were positive during the 
time that three C-reactive protein determina- 
tions were negative. The erythrocyte sedi- 
mentation rate was a much more accurate 
index to tuberculous activity in this group, 
abnormal values being present in every case. 


DIsEASES PrRoBABLY DUE TO Virus INFECTION 


Five of six patients with primary atypical 
pneumonia had positive tests for C-reactive 
protein. Of the five patients with positive 
reactions, two had very elevated cold- 
agglutinin titers while three did not. The one 
patient with a negative reaction was tested 
at a time when convalescence had just begun. 
It should be remembered that secondary 
bacterial infection may account for some of 
these positive reactions, even though sputum 
culture revealed a normal nasopharyngeal 
flora in most of these cases. C-reactive pro- 
tein was present in the serum of five of seven 
cases of infectious mononucleosis. All had 
either a very high heterophile titer or a titer 
of over 1: 56 after guinea pig kidney absorp- 
tion. All but one had typical cells in the 
peripheral blood. Each of the patients with 
C-reactive protein had blood drawn at the 
height of his disease, while the two without 
it had had symptoms for over a month. How- 
ever, both were still febrile. 


The other observations on virus disease 
are not sufficient to draw a conclusion, but, 
in general, it seemed that virus disease did 
not result in as consistent or as copious an 
appearance of C-reactive protein as did bac- 
terial infections. 


WIDESPREAD MALIGNANT DISEASE 


The specific types of malignant disease are 
listed in Table 1. The carcinomas of the lung 
were mostly primary lesions with only local 
extensions. The positive C-reactive protein 
in these cases may have been due to second- 
ary infection. Every other malignant lesion 
in this group had either metastasized or 
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shown invasion of adjacent tissues. The car- 
cinoma of the pancreas in the case with a 
negative C-reactive-protein test had shown 
invasion of adjacent organs. The other neg- 
ative test was obtained in a carcinoma of the 
prostate with metastases to cervical lymph 
nodes. 


3ENIGN TUMOR oR LimitepD PRIMARY CARCINOMA 


Patients with a large astroblastoma, a 
large superficial carcinoma of the cervix, a 
small adenocarcinoma of the rectum, and 
a large benign adrenal adenoma were studied. 
No C-reactive protein was present in the 
serum of any of these four cases. Only one 
had an abnormal erythrocyte sedimentation 
rate or total leucocyte count. Absence of C- 
reactive protein clearly does not exclude the 
presence of neoplastic disease. 


TasL_eE 5.—Data Obtained from Patients with 
Widespread Malignant Disease 


Corrected 
Erythro- 
cyte 
C-Reac- Sedimen- 
tive tation 
Protein Rate 
39 31 
37 26 
95.0 84.0 


White 
Blood 
Cell 
Count 
39 
13 

33.3 


Temper- 
ature 
39 
23 


59.0 


No. cases tested 
No. abnormal values.. 
Per cent abnormal.... 


MULTIPLE MYELOMA AND LEUKEMIA 
C-reactive protein was rarely present in 
the sera from patients with uncomplicated 
chronic leukemia or multiple myeloma (see 
Table 1). The leukemias with positive tests 
included two lymphocytic and two mono- 
cytic leukemias. Three of these four cases 
had associated bacterial infections. The 
six with negative reactions included four 
lymphocytic and two myelogenous leukemias. 
The one case of multiple myeloma with 
C-reactive protein was the only one of the 
five in which a pathological diagnosis was 
lacking. The diagnosis in this case was based 
mainly on clinical history and the finding of 
a peak of abnormal gamma globulin by paper 


electrophoresis. 


RHEUMATIC HEART DISEASE 
Most of the patients in this group were 


adults with valvular lesions and entered the 





C-REACTIVE PROTEIN TEST 
hospital either because heart failure was 
increasing or for evaluation for cardiac sur- 
gery. The decision as to the presence of 
rheumatic activity was a difficult one because 
the sedimentation rate or the temperature, 
or both, often were elevated and the decision 
rested on whether the heart was failing from 
active carditis or from mechanical strain. 
No definite advantage of the C-reactive 
protein test over the other criteria could be 
this 
examinations shed some light on the reason 


demonstrated in group. Postmortem 


for this. Five patients who had been consid- 
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ular mitral valvotomy. Six 
showed activity, while one showed 
Aschoff bodies. One patient with a negative 


test came to postmortem examination, and 


biopsies at 
no 


no rheumatic activity or embolic processes 
were found. 


ARTERIOSCLEROTIC HEART DISEASE 


C-reactive protein consistently appeared in 
the serum of patients with myocardial in- 
farctions. It may be noted from the Figure 
that all 24 cases gave positive reactions and 
that the reactions became positive in 16 to 


T —— 


5 e. OR es .ep ae 


TIME IN DAYS FOLLOWING MYOCARDIAL INFARCTION 


Results of C-reactive protein determinations in 24 cases of myocardial infarction. 
closed squares represent serial obervations. 


circles represent single observations ; 


ered clinically inactive but had had positive 
C-reactive protein tests shortly before death 
were examined. Of these, three had either 
pulmonary or renal infarcts undetected clini- 
cally, one had active rheumatic carditis, and 
for one no explanation was found. It is likely 
that subclinical embolic and thrombotic epi- 
sodes accounted for the positive reactions 
in a number of cases considered inactive. 
This is a serious limitation to the interpreta- 
tion of a positive reaction in this group. 

It will be noted that there were no negative 
reactions in the group with either possible 
or frank activity. Seven patients who had 
negative C-reactive protein tests had auric- 


Open 


36 hours and remained positive, as a rule, 
for 14 to 18 days. These cases included only 
those that developed both Q wave and T 
wave changes in the electrocardiogram and 
had had a definite clinical episode. There 
were two patients with positive reactions in 
whom myocardial infarct was suspected, but 
there was no electrocardiographic confirma- 
tion. 

The arteriosclerotic heart disease group 
included seven patients with anginal syn- 
drome and three patients with heart failure, 
most likely on an arteriosclerotic basis. The 
two positive reactions were obtained from 
very sick patients with failure. One case 
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with angina was of especial interest in that 
two separate myocardial infarcts were sus- 
pected over a two-month period. The sedi- 
mentation rate and white blood cell count 
were elevated, and the temperature was 
normal. The electrocardiogram showed 
changing T wave patterns in Leads V; to 
V4 with RST segment elevation and late T 
wave inversion at times. Four separate C- 
reactive protein determinations were nega- 
tive, one on the day of death. At postmortem 
examination no thrombosis and no infarct 
could be demonstrated. There were many 
small foci of fibrosis, presumably secondary 
to ischemia in the past, and one small focus 
of fresh necrosis a few hours old. 


HYPERTENSIVE CARDIOVASCULAR DISEASE 

Four of thirteen of the group with hyper- 
tensive cardiovascular disease gave positive 
reactions. A renal infarct found at post- 
mortem examination probably accounted for 
one of these positive reactions. The other 
three occurred in patients with retinopathy 
and nephropathy, but other patients with 
equally bad or worse hypertensive vascular 
damage had no C-reactive protein in their 
sera. 


CONGENITAL HEART DISEASE 


As would be expected, none of the eight 
cases of congenital heart disease had C- 
reactive protein in their sera. The sera of 
three patients with congenital heart disease 
and two with inactive rheumatic heart dis- 
ease were tested after cardiac catheteriza- 
tion. C-reactive protein was absent from 
their blood at 8 to 10 hours following cathe- 
terization but was uniformly present at 18 
to 20 hours. These results agree well with 
the time of appearance after myocardial in- 
farct. 

Heart FAtLure 

From the data it is difficult to judge 
whether heart failure per se can cause a 
positive reaction. In the hypertensive and 
arteriosclerotic groups there were six pa- 
tients with a combination of pulmonary 
edema, peripheral edema, and enlarged liver. 
Two of these patients had positive and four 
had negative reactions. In the group con- 
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sidered to have inactive rheumatic heart dis- 
ease, four of the seven patients with frank 
heart failure had positive reactions. 

Since the C-reactive protein was not pres- 
ent in the sera of seven of thirteen patients 
with very severe heart failure, it is likely 
that it does not develop in uncomplicated 
heart failure. Such complications as inap- 
parent thrombosis or embolization may well 
account for its appearance in certain cases. 


RHEUMATOID ARTHRITIS 
Two of the ten cases of active rheumatoid 
arthritis had negative reactions. These two 
had mild but definite clinical activity. 


Lupus ERYTHEMATOSUS 

The nine cases with lupus erythematosus 
had positive LE-cell preparations and definite 
clinical signs of the disease. Two of the 
patients had repeated C-reactive protein tests 
done over a period of a month while they 
received large doses of cortisone. Although 
they improved clinically, they continued to 
have C-reactive protein in their serum. The 
two negative tests were in two patients with 
mild but definite symptoms. One was on 
12.5 mg. of corticotropin per day but was 
still while the other was afebrile. 
without medication. 


febrile, 


Peptic ULCER 


The group of thirteen patients with peptic 
ulcer included four with recent heavy gastro- 
intestinal bleeding. Despite this, none showed 
any C-reactive protein. 


ULcERATIVE COLITIS 
One of four ulcerative colitis patients 
showed no positive test. He had diarrhea 
but no other signs of inflammation. 
MISCELLANEOUS CASES 
Data from a number of cases were either 
too scant or too inconclusive to warrant 
detailed discussion. These cases are listed 
by diagnosis in Table 2. The bronchial 
asthma cases with C-reactive protein prob- 
ably had secondary infection. The negative 
reaction in the one case of chorea agrees 
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with more extensive experience reported 
by others. Those cases of cirrhosis with 
positive tests had far-advanced liver damage. 
One of the hemophiliac patients with a nega- 
tive reaction had only massive hematuria, 
whereas in the other the blood for the test 
was drawn within 24 hours of bleeding into 
a joint. It is notable that patients with very 
extensive and severe dermatitis did not show 
a positive reaction even at the height of their 
disease. 
COMMENT 

With but few exceptions, results of this 
investigation agree with those from earlier 
reports. The presence of C-reactive protein 
in almost all cases of active rheumatic fever 
and pyogenic bacterial infection is well docu- 
mented.# The percentage of positive reac- 
tions in viral diseases found in the present 
study is higher than in the experience of 
others.* The most studied of this group of 
diseases is virus hepatitis, in which over 
half of a large series showed positive reac- 
tions.*> The finding of several negative re- 
actions in the small group of cases of un- 
questionably active tuberculosis agrees with 
some previous work f but is in sharp con- 
trast to the finding of a high percentage of 
positive reactions in tuberculosis in the 
largest reported series.?® 

C-reactive protein appears in the blood 
of patients with active rheumatoid arthritis 
in the great majority of cases but with slightly 
less consistency than in active rheumatic 
fever.t The finding of a high percentage of 
positive reactions in lupus erythematosus 
cases is in contrast to a report of four cases 
with negative reactions? and another in 
which three of five were negative.*? 

Patients with a variety of carcinomas have 
usually given positive reactions,§ but there 
has been a high proportion of negative re- 
actions in chronic leukemia and multiple 
myeloma.|| C-reactive protein was demon- 

| References 1 and 3. 

# References 1-3, 10, 12, and 22 

* References 12 and 15. 

+ References 10, 12, and 15. 

t References 12, 19, 20, and 2 


§ References 12 and 19. 
|| References 12 and 19. 


strated in the serum of six of seven children 
with acute or subacute leukemia by another 
investigator.*? 

Only 1 of 59 patients with myocardial 
infarction previously reported has shown a 
negative test for C-reactive protein.{] Pa- 
tients with angina or arteriosclerotic heart 
disease without infarction have generally had 
negative reactions.# Some positive reactions 
have been reported in congestive heart fail- 
ure *; however, it seems likely that these 
are due to the complications of undiscovered 
thrombosis and embolism and that congestive 
failure itself does not result in the appear- 
ance of C-reactive protein. From a practical 
standpoint this means that a negative C- 
reactive protein in a patient with congestive 
failure is good evidence against a recent myo- 
cardial infarct or active rheumatic carditis 
but that a positive result must be interpreted 
with caution. 

The finding of negative reactions in cases 
of brain tumor, isolated brain abscess, and 
extensive dermatitis limited to the skin has 
some precedent.} It may be that destructive 
processes strictly limited to the skin or nerv- 
ous tissue do not result in the appearance 
of this protein. 

SUMMARY 


Experience with the C-reactive protein 
in 443 general medical cases and 50 normal 
controls is reported. Some comparisons are 
drawn between the results of this test and 
the results of the erytherocyte sedimentation 
rate, leucocyte count, and temperature re- 
cordings in the same patients. 

The C-reactive protein was rarely present 
in the serum of a person in whom no in- 
flammatory or necrotizing process could be 
found. It was consistently found in the sera 
of patients with bacterial infections, active 
rheumatic fever, acute myocardial infarct, 
and wide-spread malignant disease. It was 
commonly, but not as consistently, found in 
cases of active rheumatoid arthritis, virus 


infection, and active tuberculosis. It was 


References 10, 12, and 23. 
# References 12 and 23. 
* References 10 and 12. 
+ References 12 and 24. 
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rarely present in cases of limited primary 
carcinoma, uncomplicated chronic leukemia, 
multiple myeloma, and widespread super- 
ficial dermatitis. 

The C-reactive protein test gave fewer 
“false positive” reactions than the other in- 
dices of inflammation with 
compared and, in general, gave a_ better 
positive correlation with inflammatory or 
necrotic processes. It did not give as good 
a positive correlation with active tuberculosis 


which it was 


as did the erythrocyte sedimentation rate. 


A distinct advantage of the C-reactive 


protein test is that no interpretation of nor- 


mal range is necessary. Any positive reac- 
tion may be considered abnormal. 
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HE TERM primary pulmonary ab- 

scess is used to connote a disease state 
within the lung which results from acute 
necrotizing bacterial pneumonia. Liquefac- 
tion, sloughing, and cavity formation within 
the lung occur as a result of this pneumonia. 
The work of David T. Smith? and others 
has shown that the spirochetes, fusiform ba- 
cilli, vibrios, and anerobic Gram-positive 
cocci are responsible for this infection. Their 
experiments indicate that singly these or- 
ganisms are incapable of producing the dis- 
ease but that in symbiosis they readily do so. 
They are found in abundance about the teeth 
and gums of patients with advanced peri- 
dontal disease. If they are inhaled as aggre- 
gates of bacteria into the lung alveoli or small 
bronchioles, they are capable of producing an 
abscess. Bronchial or bronchiolar obstruc- 
tion is considered by many to be an essential 
part of the pathogenesis of this disease. 

In the present study those pulmonary ab- 
scesses secondary to bronchogenic carci- 
noma, foreign bodies, bronchial adenoma, in- 
fected lung cysts, metastatic mycotic emboli, 
and other specific disease states of the lung, 
such as actinomycosis, staphylococcal pneu- 
monia, mycotic infections, and tuberculosis, 
have not been included. 

A brief review of the history of the ther- 
apy of lung abscess reveals that prior to 1940 
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the treatment of primary pulmonary abscess 
by either medical or surgical means was 
highly unsatisfactory. The mortality rate 
with either type of therapy was around 35%, 
and the patients who survived were chroni- 
cally ill, in many instances for prolonged pe- 
riods of time.? Medical therapy consisted of 
supportive measures and measures to pro- 
mote bronchial drainage. An occasional pa- 
tient seemed to respond to arsenicals. Sur- 
gical therapy consisted of external drainage, 
artificial pneumothorax, thoracoplasty, or 
resection. These procedures were often com- 
plicated by empyema, brain abscess, exten- 
sion of infection, and a high operative mor- 
tality rate. 

In 1938 Neuhof and Touroff began to re- 
port the excellent results obtained from ex- 
ternal drainage of the acute uncomplicated 
putrid lung abscess.* By 1945 they had 
treated 172 cases with the extremely low 
mortality of 2.3% .* This was probably the 
first real advancement made in the treatment 
of lung abscess. There remained, however, 
the chronic or complicated lung abscess with 
extensive pulmonary fibrosis, bronchiectasis, 
and multiloculated cavities, for which there 
was no effective therapy. Many of the acute 
abscesses were allowed to become chronic 
simply because physicians and facilities were 
not everywhere available to treat the abscess 
during its acute phase, as recommended by 
Neuhof and Touroff. 

When sulfonamides became available, they 
were tried but were of very questionable 
value. With the advent of penicillin therapy, 
the second major advance in treatment was 
made. Both the acute and the chronic abscess 
were treated with this antibiotic, and in the 
acute cases cure rates of 90% or better have 
been obtained.’ A few cases became chronic, 
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and surgical therapy was usually carried out. 
It has been generally stated that when anti- 
biotic therapy was ineffective in curing the 
patient this was due to inability to maintain 
bronchial drainage or to the development of 
resistant micro-organisms. With the intro- 
duction of streptomycin and the broad-spec- 
trum antibiotics we were provided with 
means of treating those patients in whom 
resistant organisms developed during treat- 
ment. 

With all of the antibiotics that are now 
available, the generally accepted method of 
treatment of lung abscess has been as fol- 
lows: 1. Acute uncomplicated abscesses are 
treated with appropriate antibiotic therapy, 
bronchoscopy, and, in rare instances, where 
the abscess appears hyperacute and not re- 
sponding rapidly to antibiotic therapy, pneu- 
monostomy. 2. For the chronic or compli- 
cated abscess, surgical resection of segments, 
lobes, or lung is performed after 7 to 10 days 
of antibiotic therapy has been given to clear 
up the surrounding pneumonitis. 

The results obtained in the medical treat- 
ment of the acute lung abscesses have been 
good, with up to 90% cure rate. The chronic 
lung abscess has also been more successfully 
treated, with fewer complications, less mor- 
bidity, and fewer deaths. Problems in ther- 
apy still exist, however ; empyema and bron- 
chopleural fistulae sometimes occur post- 
operatively and postoperative pain is often 
distressing, to say nothing of the expense, 
risk, and discomfort of surgery. In many in- 
stances, pulmonary function is reduced as a 
result of resection, and there are a few pa- 
tients who refuse surgical therapy, par- 
ticularly when they are feeling much im- 
proved on medical management. 

It is because of these disadvantages of sur- 
gery and because of some rather impressive 
results obtained early from medical treat- 
ment of chronic pulmonary abscesses that it 
was decided to study further the medical 
management of such cases. 

During the latter part of 1950 and during 
1951 several patients improved so strikingly 
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after antibiotic therapy that surgery was re- 
fused. These patients were then treated for a 
prolonged period with antibiotics. Complete 
healing occurred very slowly, and residual] 
densities persisted for months. However, in 
spite of the persistence of small cavities and 
pulmonary fibrosis, these patients improved 
rapidly clinically and have done well during 
the ensuing two to three years. 

Between July 1, 1950, and December, 
1954, sixty-seven patients with pulmonary 
abscess were treated at the Houston Veter- 
ans Administration Hospital and at the Jef- 
ferson Davis Hospital. Fifty-six were men, 
and eleven were women. The average age of 
the patient was 40 years. Forty-four patients 
were treated medically; twenty-three were 
operated upon. 

Of apparent etiological importance, 73% 
of the patients had severe gingivodental dis- 
ease. Pyorrhea alveolaris, dental caries, and 
extremely poor oral hygiene was far com- 
moner in this group of patients than in the 
general hospital admissions. Thirty-two per 
cent of the patients had recently been on 
alcoholic debauches, 10% were epileptics, 
and 7% had recently been unconscious from 
either insulin coma, diabetic coma, or anes- 
thesia. 

The cases treated medically are classified 
according to the duration of the abscess prior 
to our therapy. Twenty-three of the cases 
were of less than six weeks’ duration. Eleven 
were between six weeks and three months in 
duration, and ten had had a lung abscess for 
longer than three months. 

These patients were treated with antibi- 
otics for an average of 32 days. Penicillin 
was used in all but two patients. One patient 
was sensitive to penicillin, and one patient 
recovered on bed rest alone. Aqueous peni- 
cillin G was administered in most instances 
in a dose of 100,000 to 300,000 units every 
four hours. After definite clinical improve- 
ment had occurred, long-acting preparations 
were used. Sulfisoxazole (Gantrisin), chlor- 


tetracycline (Aureomycin), oxytetracycline 
(Terramycin ) ,and chloramphenicol (Chloro- 
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Figure 1 (Case 1) 


mycetin ) were used where penicillin-resistant 
organisms were found to be of importance. 
Direct smears of the sputum stained with 
Gram stain were studied weekly, and direct 
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antibiotic sensitivity studies were frequently 
carried out. These laboratory studies were 
helpful in deciding on future antibiotic ther- 
apy. Bronchoscopy was carried out in 33 of 
the patients as a diagnostic procedure. Bed 
rest was enforced when possible until the 
patient was definitely improved and gaining 
weight. 


REPORT OF CASES 


The following case summaries are pre- 
sented as examples of primary lung abscesses 
treated medically. 

Case 1 (Fig. 1).—A 36-year-old Negro man was 
admitted to the hospital on Jan. 5, 1954. 


months prior to admission he had had a grand mal 
convulsion. This was followed in a few days by a 


Three 


cough, foul breath, and chest pain. He was drinking 
alcohol heavily at the time and did not seek medical 
attention. During the next two and one-half months 
his cough became productive of copious amounts of 
foul sputum, which was often blood-streaked. He 
lost an estimated 30 lb. and had fever daily. Severe 
lightning-like pains associated with marked dyses- 
thesia had been noted in the feet and legs for about 
one month. He had eaten poorly during the previous 
two months. 

The past history revealed that a head injury had 
been sustained while he was in the service in 1945. 
He received a medical discharge from the Army 
because of post-traumatic epileptic seizures. He re- 
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lated that since his discharge from the service he 
had been a heavy drinker of alcohol and had had 
delirium tremens on several occasions. 


Examination of the patient revealed a chronically 
ill Negro man with severe cough productive of foul, 
purulent sputum. His tongue was beefy red and 
scarred. Cavernous breath sounds were audible over 
the right scapular and interscapular regions. Rales 
and dullness to percussion were elicited in the same 
area. 

Marked tenderness of the calf muscles, dimin- 
ished vibratory and position sense, and skin hyper- 
knees. Romberg’s 


esthesia were noted below the 


sign was positive. 
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five- to seven-day intervals failed to demonstrate a 
cavity on Jan. 19, 1954. Thereafter, slow resolution 
of the disease process was observed, and on March 
23, 1954, he was discharged. 

In October, 1954, the patient was readmitted to 
the hospital because of a bilateral dislocation of 
both shoulders during a grand mal convulsion. A 
chest film made after reduction of the dislocation 
was reported negative. He has had no subsequent 
respiratory symptoms. 

Case 2 (Fig. 2)—A 43-year-old white fisherman 
was admitted to the Houston V. A. Hospital on 
March 10, 1953. He stated that his present illness 
began on Dec. 21, 1952. Cough was noted along 


Figure 2 (Case 2) 


The clinical pathological findings revealed a 
hemoglobin of 11 gm. and a white blood cell count 
of 17,000, with 84% polymorphonuclear cells and 
16% lymphocytes. The sputum showed a mixed 
flora of organisms. No acid-fast organisms or fungi 
could be found. Roentgenograms of the chest 
demonstrated an abscess cavity in the apical seg- 
ment of the right lower lobe of the lung. 

The hospital course was one of gradual but 
progressive improvement in the patient’s general 
condition. He was treated with bed rest, oxytetra- 
cycline, aqueous penicillin, and chloramphenicol. 
After the initial therapy was instituted, direct anti- 
biotic sensitivity studies and stained smears of the 
sputum were used as a guide to subsequent anti- 
biotic therapy. Serial films of the chest made at 
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with fever, general malaise, and weakness. A few 
days later this cough became productive of foul- 
smelling and foul-tasting sputum. He experienced 
mild chest pain and anorexia along with a progres- 
sive loss of 27 lb. He denied having taken any 
medication during his illness and had not sought 
medical attention. He been drinking from 
7 to 10 bottles of beer per day and had not eaten for 


had 


five days prior to admission, 


Physical examination revealed a chronically and 


acutely ill appearing white man with a temperature 
of 99.6 F and a respiratory rate of 20 per minute. 
The blood pressure and pulse were normal. The 
breath odor was foul, and he coughed frequently, 
producing purulent sputum. Oral hygiene was very 
poor, and there was severe periodontal infection and 
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peridontoclasia. Fine moist rales were audible over 
the left scapular and interscapular regions, and 
pleural friction rub was present in the left mid- 
axillary line. Slight dullness to percussion 
noted in the left interscapular and infrascapular 
region unassociated with change in breath sounds 


or fremitus. There was moderate clubbing of the 


was 


fingers. 

Clinical pathological findings were as follows: 
Hbg., 10.3 gm.; RBC, 3,200,000, and WBC, 17,000. 
There were 73% polymorphonuclear cells and 27% 
lymphocytes. Serologic tests for syphilis were nega- 
tive, and a culture of the sputum revealed a mixed 
flora of organisms. No acid-fast bacilli were demon- 
strable by smear or culture. 

Roentgenograms of the 
multiloculated abscess cavity in the superior seg- 
ment of the left lower lobe. Bronchoscopy was 
normal except for thick purulent secretions emanat- 
ing from the superior segment of the left lower 


chest demonstrated a 


lobe bronchus. 

Penicillin (600,000 units every six hours), was 
begun on admission, and on the third hospital day 
streptomycin (0.5 gm. every 12 hours) was added. 
Fever subsided by lysis by the 7th hospital day, 
but on the 13th day he had again become febrile, 
with a maximum daily temperature of 103.2 F. 
On the 14th hospital day coliform organisms re- 
sistant to streptomycin were cultured from the 
sputum. Chlortetracycline (250 mg. every six hours) 
was begun, and 48 hours later the patient was 
afebrile and he remained so for the duration of his 
illness. 

Weekly roentgenograms of the 
strated complete clearing of the disease process 
by May 1, 1953. 
gained 17 lb. and the gingivodental disease was 
successfully treated by the V. A. Hospital dentist. 
The patient has remained well since discharge from 
the hospital, and subsequent x-ray examinations 
have been normal. 


chest demon- 


During his hospitalization he 


Case 3 (Fig. 3).—A 31-year-old white pipefitter 
was admitted to the Houston V. A. Hospital on 
Jan. 11, 1954. He had been in his usual state of 
health until two months previously, when he 
developed a cough, chills, general 
malaise. After one week the cough became pro- 
ductive of purulent sputum which was foul-smelling 
and was at times blood-streaked. Progressive weight 
loss occurred, and generalized weakness prevented 
him from doing his work. 


fever, and 


A review of systems revealed that for the past 
eight years his teeth and gums had been in very 
poor condition and he had had no dental care 
during this time. He denied excessive alcoholism. 


Physical examination revealed an oral tempera- 
ture of 102 F, sinus tachycardia, severe periodonto- 
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clasia, gingivitis, and a foul breath odor. He ap- 
peared chronically but not acutely ill. Breath sounds 
were diminished, and the percussion note was dull 
over the right infrascapular region. A moderate 
right thoracic scoliosis was noted. 

The clinical pathological findings were as follows: 
Hbg., 10.4 gm.; WBC, 9900, with 55% segmental 
forms, 5% band cells, 28% lymphocytes, 4% mono- 
cytes, eosinophiles, and 5% basophiles. The 
serologic tests for negative, and 
results of urinalysis were normal. Multiple sputum 
examinations revealed a flora of thin 
spirochetes, large fusiform bacilli, and Gram-posi- 
tive cocci. No acid-fast bacilli were identified. Chest 
films on admission revealed a pneumonitis of the 
right posterior and medial basal segments of the 
right lower lobe with a large abscess cavity. Bron- 


3% 
syphilis were 


mixed 


choscopy was refused by the patient. 

Aqueous penicillin G (300,000 units every six 
hours) was begun on the date of admission. On 
the second and third hospital days he was afebrile 
and symptomatically improved. However, on the 
fourth and fifth hospital days he had a daily maxi- 
mum temperature of 101 F and 102 F, and on the 
seventh day penicillin was discontinued and chlor- 
tetracycline, 250 mg. every: six hours, was begun. 
Thereafter he was afebrile and progressively re- 
covered, with complete healing of the abscess 
cavity by Feb. 19, 1954. Between March 8, 1954, 
and March 29, 1954, all of the patient’s remaining 
teeth were extracted. The patient had been followed 
for one year without evidence of recurrence of the 
abscess. 

Case 4 (Fig. 4).—A 48-year-old white salesman 
was admitted to the hospital on Sept. 8, 1954. He 
had previously been hospitalized from April 25, 
1952, to June 18, 1952, and during that admission 
a diagnosis of bronchiectasis of the posterior basilar 
segment of the right lower lobe and of the anterior 
and lateral basilar segments of the left lower lobe 
was established by bronchography. During the 
interim he was well until January, 1954. At that 
time he began to have more severe cough, produc- 
tive for the first time of foul-smelling and foul- 
tasting sputum. His appetite became poor, and he 
began to lose weight and have fever. He lost 25 
lb. during the three months prior to admission. 
Short courses of tetracycline (Achromycin), peni- 
cillin and dihydrostreptomycin (Combiotic), and 
erythromycin had been given during the period 
just prior to admission. Each time, his fever sub- 
sided and he symptomatically improved but exacer- 
these drugs were discon- 


bation occurred when 


tinued. 


System review revealed that the patient had been 
treated for chronic alcoholism, but he had continued 
to drink during the present illness. He was a heavy 
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Figure 3 (Case 3) 


smoker, and his teeth and gums had been in poor 
condition for several years. 

Physical examination revealed an alert appre- 
hensive white man who appeared chronically ill. 
The patient coughed frequently and raised from 
90 to 120 cc. of foul purulent sputum which layered 
out into three layers. His breath was foul, and 
advanced periodontal disease and atrophic gingi- 
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vitis were present. Breath sounds over the left 
scapular and infrascapular regions were diminished, 
and an expiratory wheeze was present on forced 
expiration over the left lateral chest. Clubbing of 
the fingers and toes was noted. 

The clinical pathological examinations revealed 
a WEC count of 20,250, with 90% polymorphonu- 
clear cells and 10% lymphocytes. Sputum smears 
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Figure 4 (Case 4) 


showed Gram-positive cocci, Gram-negative bacilli, 


fusiform bacilli, and spirochetes. No acid-fast 
bacilli were noted. Aerobic cultures showed a mixed 
flora of organisms, and cultures for fungi and acid 
fast bacilli were negative. 

X-rays of the chest demonstrated a mottled 
pneumonic infiltration in the left perihilar region, 


which on lateral view showed the infiltration to 
involve the superior segment of the left lower lobe. 
Within this infiltration a cavity containing a fluid 
level was present. 

At bronchoscopy a large amount of pus was 
emanating from the basilar segments of the left 
lower lobe and from the lingular division of the 
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left upper lobe. Biopsy of the bronchial mucosa 
revealed chronic bronchitis, and Papanicolaou stains 
were negative for tumor cells. 

Aqueous penicillin G (300,000 units every four 
hours) and sulfisoxazole (Gantrisin) (2 gm. every 
six hours) were begun on Sept. 13, 1954, and con- 
tinued until Oct. 18, 1954. On that date penicillin 
procaine (600,000 units every 12 hours) was sub- 
stituted for aqueous penicillin, and both medica- 
tions were continued until Dec. 10, 1954, when he 
was released from the hospital. After one week of 
antibiotic therapy the foul odor disappeared from 
the sputum and the volume of sputum progressively 
diminished to 0 to 15 cc. per day. A gain of 13 Ib. 
was recorded. Serial roentgenograms of the chest 
showed the abscess cavity to be present on Oct. 4, 
1954, but it could no longer be seen on Oct. 15, 
1954. Clearing of the pulmonary infiltration was 
noted, and laminograms of the left lung failed to 
demonstrate a cavity on Dec. 1, 1954. 

Oral prophylaxis was performed while the patient 
was hospitalized, and he was instructed in the 
importance of good denta! hygiene in patients with 
chronic lung disease. 

Results of Medical Treatment.—The aver- 
age duration of fever was eight days. The 
average duration of hospitalization was 34 
days. This duration of hospitalization was 
not always necessary, but under the existing 
regulations of one of these hospitals patients 
could not be treated as outpatients. There 
was one case in which recurrence occurred 
in situ on two occasions after complete heal- 
ing was thought to have occurred. This pa- 
tient was then operated on, and a broncholith 
was found. There was one case of metastatic 
brain abscess, but the patient eventually re- 
covered. One death occurred from bleeding 
esophageal varices secondary to cirrhosis of 
the liver. 


COMMENT 


Pulmonary abscess, as defined in this 
paper, is a primary disease of the lung. It is 
due to the aspiration of symbiotic anerobic 
organisms into the periphery of the lung, 
where they produce an acute necrotizing 
pneumonia with liquefaction of lung tissue. 
The organisms responsible for the pneu- 
monia are those found in abundance in the 
mouths of patients with severe gingivo- 
dental disease. Any condition which inter- 
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feres with the mechanisms which normally 
prevent aspiration is likely to result in ab- 
scess formation. Depressed cough reflex, im- 
paired ciliary action, and depressed respira- 
tion are all predisposing factors. 

One can usually separate this disease clin- 
ically from other conditions which may pro- 
duce cavity within the lung. An accurate 
history, a carefully performed physical ex- 
amination, and a study of the gross character 
and bacteriology of the sputum are of great- 
est importance. There is a tendency on some 
chest services to diagnose and treat x-rays 
rather than patients, and it should be empha- 
sized that the x-ray is helpful when studied 
along with these diagnostic procedures, but 
when taken alone it is insufficient. 

The onset of a primary pulmonary abscess 
is abrupt. Chest pain occurs early and fever 
from 101 to 105 F is present. A cough which 
at first may be nonproductive is present 
along with a putrid, almost intolerable breath 
odor. A necrosis of lung tissue occurs, and 
when bronchial drainage is established a con- 
siderable quantity of sputum is produced. 
A recent history of impaired consciousness is 
often but not always obtained. Examination 
reveals advanced gingivodental disease in 
most patients. 


There is a lag in chest motion over the in- 
volved segments, and breath sounds are 
diminished and the percussion note impaired. 
Rales are sparse, and the findings of consoli- 
dation are absent. Clubbing of the fingers 
often occurs in 10 to 14 days. 


The sputum layers out into three layers 
and may be bloody as well as purulent. 
A smear of this stained with gentian violet 
reveals small delicate spirochetes, fusiform 
bacilli, vibrios, and cocci. Treponema macro- 
dentium and T. microdentium do not stain 
with gentian violet, but they can be demon- 
strated with the dark-field apparatus or 
the Fontana silver nitrate strain. Because 
of the sensitivity of these organisms to peni- 
cillin, they disappear very rapidly after the 
institution of therapy, and the sputum loses 
its foul odor. Aerobic cultures are not help- 
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ful initially, but in patients who have been 
previously treated other organisms are fre- 
quently found and the bacteriologic studies 


¢ . . . ° . 
are valuable in diagnosis of superimposed 


infection. 

The chest films reveal a dense segmental 
patch of pneumonia, usually in the dorsal 
segment of lower lobes or axillary segments 
of upper lobes. A cavity with or without a 
fluid level usually makes its appearance in 
five to seven days. 

With the increasing number of available 
antibiotics, the experience gained in this 
study suggests that all primary pulmonary 
abscesses, regardless of the duration, can be 
managed medically. What should be done 
about the residual densities which may re- 
main after antibiotic therapy, particularly in 
the male patients past 40 years of age, is less 
clear. 

In the medical management of lung ab- 
scess, penicillin is the antibiotic of greatest 
value. The organisms responsible for pro- 
duction of the abscess are all sensitive to this 
antibiotic. It should be given as aqueous 
penicillin G intramuscularly, 300,000 units 
every four hours for the first 10 days. After 
this, a long-acting preparation may be given, 


300,000 to 600,000 units twice daily. 


After the initial etiologic agents are con- 
trolled, an anatomic defect persists for a pe- 
riod of time, and an ideal condition for the 
establishment of infection by other organisms 
exists. Where there is no contraindication 
to their use, sulfonamides should be given 
along with penicillin. This, we believe, helps 
to prevent superinfection with Gram-nega- 
tive bacilli. Direct antibiotic sensitivity stud- 
ies done once each week, along with a Gram 
stain of the freshly expectorated sputum, are 
of great help in antibiotic therapy control. 


Adequate drainage of the abscess cavity is 
accomplished by healing of the endobronchial 
disease as a result of the suppression of the 
causative organisms by antibiotic therapy. 
Bronchoscopy is rarely necessary for this 
purpose, and it should be delayed until the 
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patient has been afebrile for four or five 
days. Postural drainage is of only limited 
value. Initial supportive therapy in the form 
of bed rest, along with a good diet, vitamins, 
and transfusions for the anemia, is an essen- 
tial part of therapy. In all cases, particular 
attention should be given to the gingivo- 
dental disease which is so often present. 

The effectiveness of therapy can be judged 
from the febrile response, decrease in tox- 
emia and leucocytes, and a weight gain. The 
quantity of sputum progressively diminishes, 
and cough is less severe. If there is not defi- 
nite clinical improvement in two weeks, as 
measured by these criteria, mechanical ob- 
struction is likely to be present, and surgery 
should be carried out. X-ray evidence of 
improvement occurs more slowly ; clearing of 
the soft disease begins in 10 to 14 days; cavi- 
ties close usually in from 4 to 8 weeks, and 
residuals progressively decrease in size from 
3 to 6 months. The ultimate evaluation of 
therapy is determined by the nature of the 
bronchography and 


residuals. Segmental 


tomography are both helpful in this regard. 

Surgery was performed on 24 patients 
during this same period, either because car- 
cinoma of the lung could not be ruled out, 
there was recurrence in situ, or it was con- 
sidered by those in attendance that this was 
the preferred treatment for lung abscess. 

Antibiotic therapy failed in only one pa- 
tient in this group, the patient with obstruc- 
tion due to a broncholith. Fewer patients are 
now being operated upon for lung abscess. 
In 1954 only two patients were treated sur- 
gically, both because carcinoma was strongly 
considered. On the basis of this experience 
it would seen that the indications for the sur- 
gical treatment of lung abscess are as fol- 
lows: 

(1) Inability to establish bronchial drain- 

age owing to organic obstruction 

(2) Persistence of large residuals in the 
carcinoma age group 
Recurrence in situ after adequate 
medical management. 
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SUMMARY 


Both acute and chronic primary lung ab- 
scesses can be successfully treated medically 
if attention is given to the control of the 
initial causative organisms and the super- 
imposed infection developing subsequently. 

Adequate drainage of the abscess cavity 
can be accomplished by the healing of endo- 
bronchial disease with antibiotic therapy. If 
clinical improvement is not definite within 
the first two weeks of therapy, the abscess is 
likely to be secondary to mechanical bron- 
chial obstruction and should be treated sur- 


gically. 
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Case Reports 


THE USE OF PERICARDIAL BIOPSY IN ESTABLISHING 
ETIOLOGIC DIAGNOSIS IN ACUTE PERICARDITIS 


J. FREDERICK BARR, M.D., Washington, D. C. 


IUNUVUUUUAULELUL UT 


AUUUUVLVLUUOATOEREOUAUATGRUUUUSULULU LULL 


HE ETIOLOGIC diagnosis of acute 

pericarditis is at times difficult and ex- 
pensive from the time and financial stand- 
point. Likewise, prognosis may be greatly af- 
fected when an etiology is discovered which 
previously had been unsuspected. Of such a 
nature is the case to be presented here. 


REPORT OF CASE 


A 35-year-old Negro mail-truck driver entered 
the hospital for his first admission with a chief 
complaint of fever of one month’s duration. The 
patient had been completely well until two months 
before admission, at which time he noted the on- 
set of a nonproductive cough not associated with 
pain. A chest x-ray at this time was interpreted 
as normal. These symptoms continued in pro- 
gressive fashion until about a month before admis- 
sion, when the development of low-grade fever 
sent him to his local physician, who treated him 
with penicillin. However, he continued to have 
fever (temperature to 101 F) daily. The penicillin 
had no beneficial effects, and, in fact, he developed 
a rash with the second injection. 

About two weeks before admission the patient 
noted the onset of shaking chills and severe night 
sweats. The chills lasted several days, but the 
drenching sweats lasted until hospitalization. One 
week before hospitalization there was an onset 
of a dull nonradiating pain in the left precordium, 
relieved by lying on the right side, worsened by 
lying on the left side. He had likewise noted dysp- 
nea since onset, which had progressed to the point 
where he had to stop and rest after walking the 
length of one city block. There were no other 
cardiac symptoms. There had been an approximate 
25 lb. weight loss since the onset of the present 
illness. 

The past history and review of systems were 
noncontributory. 


Submitted for publication July 5, 1955. 

From the Mt. Alto Veterans Administration 
Hospital; Formerly Resident in Medicine, Veterans 
Administration Hospital; Present address: George- 
town Medical Center. 


Physical examination revealed a well-nourished 
fairly well-developed Negro man in no distress. 
Pulse rate was 123, and blood pressure was 96/62 
mm. Hg. There were no abnormalities noted on 
the admission physical examination, except for 
urticarial skin lesions, the sequela of the penicillin 
reaction. The heart was not enlarged, and there 
was no friction rub. Except for a sinus tachy- 
cardia, there were no thrills or murmurs. There 
was no lymphadenopathy. 

Laboratory data revealed an elevated sedimenta- 
tion rate of 32 mm. in an hour, which was the 
only abnormality of the hemogram and remained 
so for the entire hospital course. The serology, 
blood urea nitrogen, total proteins with albumin- 
globulin ratio, and fasting blood sugar were 
normal. Urinalyses were always normal. Gastric 
specimens, bone marrow, and urine were all nega- 
tive for acid-fast bacilli on smear and culture. 

Electrocardiograms (Fig. 1) revealed inverted 
T waves throughout the standard and augmented 
limb leads. These continued to become more in- 
verted. Although there were never any ST seg- 
ment changes, it was felt that these findings 
represented changes due to acute pericarditis. 

During the first two weeks the patient’s tempera- 
ture fluctuated between 99 and 102 F. The chest 
x-ray (Fig. 2) revealed the heart to be of tri- 
angular configuration, with a transverse diameter 
of 15 cm., which suggested a pericardial effusion. 
Angiocardiograms did not confirm the presence of 
pericardial effusion, but there did appear to be mini- 
mal chamber dilatation involving particularly the 
left and right ventricles. As a result of the angio- 
cardiograms, it was felt that needle aspiration of 
the pericardium was hazardous, and it was, there- 
fore, not attempted. Venous pressures throughout 
the hospital stay were always normal, and tests 
with first and second strength P. P. D. were 
negative on admission. 

During the third week of hospitalization (at a 
time when a diagnosis of myocarditis had been 
considered) a loud friction rub over the left pre- 
cordium was heard for the first time. This rub, 
which persisted for only three days, was heard by 
several different physicians. 

At this point, acute pericarditis was strongly 
suspected, the etiology of which was completely 
undecided. Therefore, a tissue diagnosis was felt 
necessary, and the patient was prepared for a 
biopsy. The procedure was readily 
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Fig. 1—Electrocardiogram from admission through nine months of follow-up 


Fig. 2.—A, chest x-ray on admission. B, chest x-ray at seven months follow-up. 





BIOPSY IN ACUTE PERICARDITIS 


Fig. 3—A, biopsy specimen under low power. Note thickened pericardium. B, biopsy specimen 


under high power. Note caseation and giant cells. 


accomplished through an anterior thoracotomy, 
which revealed both visceral and parietal surfaces 
of the pericardium to be studded with small 2 to 
3 mm. white nodules. There was no free pericardial 
fluid. 

After surgery the patient was placed on strepto- 
mycin, 1 gm. twice a week; p-aminosalicylic acid, 
12 gm. daily, and isoniazid, 300 mg. daily.1 Within 
a week after surgery the patient became afebrile. 

Microscopic sections (Fig. 3) revealed a thick- 
ened pericardium containing dense fibrous tissue 
in which there were numerous granulomata, some 
showing a central caseation necrosis in which the 
epithelioid cells were arranged radially. Giant cells 
were noted, and lymphocytes were present around 
these granulomata and scattered throughout the 
collagen tissue. Culture of the pericardium and acid- 
fast stains were negative. 

The patient was discharged about three weeks 
after his biopsy, afebrile and perfectly asymp- 
tomatic. He was continued on treatment and was 
placed on a graduated program of activity follow- 
ing several months of rest and careful observation. 
Within three months his weight had returned to 
normal, and there had been no evidence of fever 
or tachycardia. His electrocardiograms since dis- 
charge have consistently been changing toward 
normal (Fig. 1). Venous pressures and circulation 
times have never at any time been abnormal. 
Though a repeated test with first and second 
strength P. P. D. was negative at the time of 


discharge, during his follow-up examination at 


nine months a repeat P. P. D. test, intermediate 
strength, revealed a 2+ to 3+ reaction. During 
this period the patient returned to work, and he 
is now employed full time. He has had no relapses 
or complaints, and it is contemplated that he will 
continue therapy for a total of 12 to 16 months.! 


COMMENT 


\s mentioned in earlier reports,* bacterio- 


logical confirmation in cases of tuberculous 
pericarditis is extremely difficult. It was im- 
possible for us to make a clinical diagnosis of 
tuberculosis in this patient, and it was only 
strongly considered when at operation small 
2 to 3 mm. white nodules were found on the 


pericardial surfaces. 

Bacteriological studies have remained neg- 
ative. However, with the clinical response that 
this patient exhibited, as well as P. P. D-test 
reversal from negative to positive while he 
was on antituberculous therapy, it seems ob- 
vious that this patient had tuberculous peri- 
carditis. In addition, antituberculous therapy 
has completely reversed the clinical picture. 

Tuberculous pericarditis almost always re- 
sults from an extension of a pulmonary lesion 


* References 2-5. 
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or from spread from regional lymph nodes. 
It may also be as a result of miliary infection, 
but this is usually accompanied by an ex- 
udate.® 

Pericardial biopsies have been used in this 
country during the past few years in rather 
limited fashion. The morbidity is low, and no 
deaths have been reported. In 12 such proce- 
dures, Katz and McCormick report no mor- 
bidity nor mortality.7 

In cases of this type, where culture and 
other examinations of pericardial fluid are 
impossible, and where the angiocardiogram 
suggests pericardial disease, an attempt to- 
ward etiologic diagnosis should be made by 
the use of a pericardial biopsy.’ 


SUMMARY 


A case of acute tuberculous pericarditis is 
reported which presented great difficulty in 
etiologic diagnosis. Diagnosis was estab- 
lished after pericardial biopsy. Though nega- 
tive bacteriology was not an unusual feature, 
the response to appropriate antituberculous 
therapy and reversal of the P.P.D-test are 
considered adequate evidence for tubercu- 
losis infection. This patient has maintained a 
satisfactory clinical response on the present 
accepted treatment. 


+ Katz, S., and McCormick, G.: Personal com- 
munication to the author. 
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CONCLUSIONS 


The clinical course of pericarditis may pre- 
sent great difficulties in etiologic diagnosis. 


When no other means of diagnosis are 
helpful, a pericardial biopsy may afford an 
effective and rapid means for accurate ap- 
praisal. 


Drs. Howe and Rehak, of the Department of 
Pathology; Mr. Victor Landi, Medical Illustrator ; 
Mr. Gray Gillum, Electrocardiographic Technician, 
and Dr. Parrish and Miss Overman helped with 
the manuscript. 
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TIETZE’S SYNDROME 


Report of a Case with Involvement of the Cricoarytenoid Joint 


EDWARD SHANBROM, M.D. 
and 
ALEXANDER FEHER, M.D., West Haven, Conn. 


PUNUUUIVUACOUARUU UL 


HE SYNDROME originally described 

by Tietze, in 1921? consisted of pain 
and swelling without suppuration of the cos- 
tochondral cartilages, the second costochon- 
dral cartilage being most frequently in- 
volved. The majority of the cases were in 
young adults, but subsequent reports sug- 
gest that there is no real predilection for a 
specific age group. Sexes appear to be in- 
volved equally. The disease may begin as an 
upper respiratory tract infection with cough, 
pyrexia, and pleuritic pain. As the chest 
swelling appears, the patient may notice pain 
in this region aggravated by cough. The 
symptoms may last from several days to 
several weeks and then subside gradually 
without sequelae. The etiology is unknown, 
and the various theories as to the cause are 
well reviewed elsewhere,? but it has been 
variously associated with infectious, neo- 


plastic, traumatic, and emotional conditions. 


There appears to be no specific treatment. 

The literature 
few references to Tietze’s syndrome. Motul- 
sky and Rohn * apparently were the first to 
report on this entity in this country, in 1953, 
and presented two cases associated with pul- 


American contains very 


monary Hodgkin’s disease. Recently Benson 
and Zavala? and Wehrmacher * have pub- 
lished papers on this subject, which they 
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called the “costochondral syndrome.” In this 
day and age of antipathy toward the use of 
eponyms, we feel obliged to defend our re- 
sorting to a man’s name in describing a dis- 
ease entity. The term “‘costo-” has been used 
as a prefix in so many conditions of late 
that it is difficult to remember exactly which 
entity is alluded to. In addition, since we are 
presenting evidence of involvement of a joint 
other than the rib areas alone, we feel that 
the original term of Tietze’s syndrome should 
be retained to describe this group of symp- 
toms. 

Awareness of Tietze’s syndrome is impor- 
tant for several reasons. As in our case, ig- 
norance concerning the existence of the 
entity may leave the physician without a 
diagnosis for a long period of time, and in- 
numerable diagnostic studies may be under- 
taken in an attempt to establish the etiology 
of the disease, even considering the most 
bizarre entities. The differential diagnosis 
of the various chest diseases is facilitated 
when Tietze’s syndrome is considered, for 
it may simulate more serious conditions, 
such as pericarditis, myocardial infarction, 
pneumonia, or tuberculosis. As more cases 
are discovered, a better understanding of 
the disease process, its etiology, and patho- 
logical changes may become manifest. 

REPORT OF CASE 

A 35-year-old Negro single male construction 
worker was admitted to the West Haven Veterans 
Administration Hospital with the chief complaint 
of chest pain and cough for one week. These symp- 
toms came on rather suddenly one morning and 


were characterized by aches and pains in the 
anterior chest, especially over the sternoclavicular 
areas. He also noted that there was a swelling in 
this area at that time. He went to the regional 
medical office of the Veterans Administration, 


where chest x-rays done and revealed no 
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abnormalities. The patient was examined by a 
physician, who noted paralysis of the left vocal 
cord, In addition to the chest pain, he also com- 
plained of a cough which was very severe, accen- 
tuated by deep breathing and productive of very 
large amounts of yellowish sputum, averaging 
about 1 cupful a day. The cough had subsided con- 
siderably in the few days prior to admission to 
this hospital. He had also noted blood-streaked 
sputum about four days prior to admission. At the 
onset of his illness the patient stated that he had 
felt chilly and somewhat feverish. The past history 
was noncontributory. There was no history of 
tuberculosis, syphilis, or gonorrhea. The system 
review was also essentially noncontributory. Physi- 
cal examination revealed a temperature of 98.6 F, 
pulse rate 82, blood pressure 140/90. The patient 
was a well-developed well-nourished Negro man, 
alert and cooperative and not appearing acutely ill. 
There was moderate bilateral tenderness of the 
neck. The trachea was noted to be in a central 
position. There was a 2 cm. nontender lymph node 
just lateral to the left cricoid cartilage. Examina- 
tion of the throat revealed a denudation of the tip 
of the uvula, and there appeared to be a whitish 
membranous exudate on the uvula, which was not 
easily wiped away. Palpation of this area suggested 
a slight amount of induration. The chest was sym- 
metrical in form and expansion, and there was 
noted to be a 6 cm. area of induration and tender- 
ness at the left sternoclavicular joint. The skin 
overlying this area appeared to be inflamed, and 
there was suggestive swelling at the right sterno- 
clavicular joint, which was also slightly tender. 
The lungs were clear and resonant throughout. 
The heart was normal. The rest of the physical 
examination within normal limits. Indirect 
laryngoscopic examination revealed the left vocal 
cord to be inflamed and almost completely fixed. 
The mucous membrane covering the arytenoid 
cartilage and arytenoid region anteriorly and 
posteriorly had a bluish discoloration and appeared 
to be somewhat swollen owing to minimal sub- 
mucous bleeding. 


was 


The laboratory data revealed a WBC count of 
8350, with 53% neutrophiles, 3% band cells, 35% 
lymphocytes, 6% monocytes, and 3% eosinophiles ; 
hemoglobin was 14 gm.; hematocrit value, 44%; 
sedimentation rate, 48 mm. in an hour. Urinalysis 
revealed a trace of albumin; microscopic examina- 
tion of the urinary sediment showed 30 to 40 
white cells per high-power field. Examination of 
sputum for acid-fast bacilli was negative on three 
occasions on concentrated smear, and subsequent 
cultures were negative. Total protein was 7.4 gm., 
with 3.6 gm. albumin and 3.8 gm. globulin. Sero- 
logical test for syphilis (VDRL) was negative. 
Urine cultures revealed a moderate growth of 
alpha streptococci and a few diphtheroids. Special 
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urine culture for Gonococcus was negative. Pros- 
tatic smear and culture revealed no intracellular 
or extracellular Gram-negative diplococci. Skin 
tests for coccidiodin and histoplasmin were negative. 
First strength tuberculin test (PPD) was positive. 
Chest within normal limits. Special 


views of the sternoclavicular joints were normal. 


X-ray was 

The patient’s course in the hospital was unevent- 
ful, and he remained afebrile during his entire stay. 
He was treated with acetylsalicylic acid, 0.6 gm., 
four times a day. Although he complained fre- 
quently of moderately intense chest pain, it was 
readily relieved by small amounts of codeine. An 
attempt was made to aspirate the sternoclavicular 
area on the left, but no fluid could be obtained. 
The signs and symptoms on admission gradually 
subsided while the patient was in the hospital, and 
a reexamination of the larynx two weeks after 
admission revealed considerable clearing of the 
previously described inflammation and a return of 


function of the left vocal cord. 


COMMENT 

To our knowledge, this is the first case 
of Tietze’s syndrome to show involvement 
of the cricoarytenoid joint as well as the 
sternochondral cartilage. We could find no 
similar case reports in the literature. In- 
volvement of the laryngeal joint in this pa- 
tient suggests that the condition can be more 
disseminated in the body than was previ- 


ously thought. It is quite probable that as 


more cases are described more areas of the 
body will be found to be involved. 

In our patient the laryngeal changes of 
almost complete fixation of the left vocal 
cord and swelling and redness of the ary- 
tenoid prominence, with submucosal hemor- 
rhagic areas, were obviously due to an 
inflammatory involvement of the cricoary- 
tenoid joint. Out of 270 cases of laryngeal 
paralysis, Suehs * found that 53 were uni- 
lateral and unknown etiology. These 
findings were substantiated by Woodward.° 
In the available American literature, we 
found only one case of vocal cord paralysis 
due to inflammatory involvement of the 
cricoarytenoid joints, which was reported 
by Myerson.’ In this case, the fixation of 
the cords remained permanent and was 
thought to be caused by a hemolytic Strep- 
tococcus. However, in the opinion of many 


of 
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laryngologists, cricoarytenoid joint involve- 
ments are more commonly the cause of vocal 
cord paralysis, permanent or fleeting, than is 
reported or believed. 

It is interesting to note that the possible 
causes of swelling of the costochondral area, 
such as tuberculosis, gonorrhea, syphilis, all 
forms of rheumatic arthritis, typhoid fever, 
neoplasm, and upper respiratory infection, as 
described by Tietze* and other authors,* 
are very much the same as the possible 
etiology of cricoarytenoid arthritis. Upper 
respiratory infection either antedated or ap- 
peared simultaneously with the costochon- 
dral swelling in all 22 cases described by 
Geddes,*® in 5 out of 7 cases reported by 
Deane,” and in 1 out of 2 cases reported by 
Acharya.'? Although, to 
upper respiratory infection is not a common 


our knowledge, 
cause of vocal cord paralysis, it appears to 
that 
of the larynx was present in some of the 
the 
symptoms in these cases are far more alarm- 


us reasonable to assume involvement 


cases.+ Since chest 


above-mentioned 


ing to both doctor and patient than the 
laryngeal the 
larynx is likely to be omitted. It is also 


symptoms, examination of 
possible that at the time of laryngoscopy the 
lesion has disappeared while the chest symp- 
toms persist. Personal communications from 
several busy practitioners revealed to us that 
many cases of Tietze’s syndrome are seen 
by physicians, although they may not know 
it by that name. Also, it is well known that 
many cases of temporary or permanent vocal 
cord paralyses are undiagnosed as far as 
etiology is concerned. It is, therefore, pos- 
sible to assume that in some instances the 
saan 

* References 1-3, 8, 

7 References 9-11. 


and 9. 


etiology of a paralyzed vocal cord may be 
identical with the etiology of the syndrome 


described by Tietze. 


SUM MARY 


The essential characteristics of Tietze’s 
syndrome are briefly reviewed. 
A case of Tietze’s syndrome with involve- 
ment of the cricoarytenoid joint is presentéd. 
The relationship of inflammatory lesions 
of the larynx and vocal cord paralysis to 


costochondral lesions is discussed. 
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ANNOUNCEMENTS 


A. M. A. Annual Meeting, Chicago, June 11-15, 1956.—The 105th Annual Meeting 
of the American Medical Association will be held in Chicago, June 11-15, 1956, with a full 
program of lectures, television, motion pictures, and scientific exhibits. 

The lecture program for each Section is prepared by the Section Secretary, and prospective 
participants should communicate as soon as possible with the Secretary of the Section before 
which they hope to read a paper. Application blanks for space in the Scientific Exhibit are now 
available and may be obtained from the Section Representative to the Scientific Exhibit. 
Section on Internal Medicine 

Secretary: A. Carlton Ernstene, M.D., 2020 E. 93d St., Cleveland 6. 

Exhibit Representative: Henry T. Ricketts, M.D., 950 E. 59th St., Chicago 37. 

Section on Experimental Medicine and Therapeutics 
Secretary: George E. Burch, M.D., 1430 Tulane Ave., New Orleans 12. 
Exhibit Representative: Joseph F. Ross, M.D., University of California Medical Center, 
Los Angeles 24. 
Section on Gastroenterology and Proctology 
Secretary: Everett D. Kiefer, M.D., 605 Commonwealth Ave., Boston 15. 
Exhibit Representatives: William H. Dearing, M.D., 102-2d Ave., S.W., Rochester, Minn., 
and Willard H. Bernhoft, M.D., 537 Delaware Ave., Buffalo 2. 

Additional information may be obtained from the Secretary, Council on Scientific Assembly, 

American Medical Association, 535 N. Dearborn St., Chicago 10. 
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Conference on Renal Function: Transactions of the Fifth Conference, October 14, 
15, 16, 1953. Edited by Stanley E. Bradley, M.D. Price, $3.75. Josiah Macy, Jr., Foundation, 
565 Park Ave., New York 21, 1954. 


This is a report of the fifth and final conference on Renal Function and is devoted to three 
major topics: the nephrotic syndrome, presented by J. A. Luetscher; human kidney transplanta- 
tion, by B. F. Miller, and acute renal failure, by G. M. Bull. The discussion covers recent 
physiological and biochemical studies of adrenal hormone mechanisms in edema formation and 
diuresis, renal ischemia, antibody response to kidney tissue, and specific tubular functions in 
tubular nephrosis. There are many interesting clinical details in this volume, which should 
make it attractive to internists as well as to those working in the fundamental aspects of renal 
physiology, biochemistry, and pathology. 


Potassium Metabolism in Health and Disease. By Howard L. Holley, M.D., and Warner 
W. Carlson, M.D. Price, $4.50. Pp. 131. Grune & Stratton, Inc., 381 4th Ave., New York 16, 
1955. 


Clinicians are becoming increasingly aware of the importance of potassium in a variety of 
disease states. Numerous papers on the basic and clinical aspects of potassium metabolism are 
scattered widely in the medical and scientific literature of recent years. This small book represents 
an effort to summarize in a convenient fashion for the practitioner current information on potas- 
sium. Only a few references are given, and little effort is made to document the statements made. 

The first chapter deals with normal potassium metabolism and the role of this ion in enzyme 
systems and in muscle and nerve function. These subjects are treated in a rather superficial 
fashion. The two main chapters are concerned with potassium deficiency and potassium excess. 
These chapters discuss briefly the important clinical conditions and situations in which potassium 
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metabolism may be abnormal. Illustrative case reports are given, but these are extremely brief. 
The signs, symptoms, and laboratory findings of hyperpotassemia and hypopotassemia are also 
briefly described, while the several types of therapy available are discussed without going into 
great detail. An appendix includes an unnecessarily complicated discussion of the accepted 
system of expressing plasma electrolytes, a useful section on the dietary treatment of abnormal 
potassium states (including a long list of the potassium content of common foods), and a table 
of the sodium and potassium content of the water supply of a number of cities throughout the 
United States. 

In general, this book presents in a very convenient form an adequate summary of the important 
clinical features of potassium abnormalities. As such it should be quite useful. However, exception 
might be taken to some of the statements, and the thoughtful physician will want to read other, 
less superficial treatments of this rather complex subject. 


The Coagulation of Blood: Methods of Study. By Leandro M. Tocantins, M.D. Price, 
$5.75. Pp. 239. Grune & Stratton, Inc., 381 Fourth Ave., New York 16, 1955. 


This volume is a collection of up-to-date, concisely described methods for the study of blood 
coagulation. Its chief virtues are brevity, authority, and an attempt to be self-critical, particularly 
in the effort to point out limitations and weaknesses of the methods described and their particular 
avenues of application. Subjects vary in range from the preparation of glassware to detailed 
description of the assays of the more recently discovered single factors. Topics covered include 
processing of blood, determination of clotting time, estimation of the rate and extent of clot 
retraction, platelets, plasma thromboplastin and precursors, thrombin and precursors, accessory 
plasma or serum coagulant factors, fibrin and precursors, fibrinolysin precursors and inhibitors, 
tissue coagulants, anticoagulants in the blood plasma and serum, and anticoagulants of tissue 
origin. 

The job of editing is excellent, and the close cooperation between the various authors and 
Dr. Tocantins is apparent. 

The book may serve as the beginning of a forum for the standardization of coagulation 
methods. Its value might be enhanced by the periodic issuance of supplements to include newer 
methods as they are developed or revision of those already described. An example is the TAME 
method for prothrombin assay of Sherry and Troll, recently published. The book is a must for 
all people working in the field and should be on the shelf of all clinical laboratories. 


Lobotomy: A Clinical Study. Edited by A. Miller, M.D. Price, not given. Pp. 107, with 
4 illustrations and 53 tables. Ontario Department of Health, Toronto, Ont., Canada, 1954. 


This publication is a paper-bound monograph representing the results of a six-year clinical 
study concerning lobotomies. It is presented in a scientific and statistical fashion and although 
a generous number of graphs and tables serve to illustrate the contents they do so without 
detracting from its readability. The over-all plan for the study is first discussed, along with a 
critical evaluation of the case material selected for the undertaking. The surgical procedures 
utilized are reviewed, along with the various operative and postoperative complications. One 
section deals with the evaluation of predictive judgment in these cases, while another takes up 
the postoperative results and reviews the latter from several standpoints, including psycho- 
logical and electroencephalographic. Illustrative case material is presented and discussed. The 
bibliography is generous and complete. This publication shouid prove valuable to those whose 
practices embrace the field of psychosurgery, whether it be from a psychiatric, neurosurgical, 
psychologic, or nursing point of view. 


Peripheral Vascular Diseases. By E. V. Allen, M.D.; N. W. Barker, M.D., and E. A. Hines 
Jr., M.D. Price, $13.00. Pp. 825, with 316 illustrations W. B. Saunders Company, 218 W. 
Washington Sq., Philadelphia 5; 7 Grape St., Shaftesbury Ave., London, W.C. 2, 1955. 


This second edition is an up-to-date discussion of peripheral vascular diseases. In fact, it 
may be too up-to-date in that aspects of arteriosclerosis obliterans are presented in terms of 
present ideas that are not established, e. g., on pages 245 and 246, the use of sitosterol in con- 
trolling cholesterolemia is even mentioned. The book covers the field extensively, mainly from 
experiences at the Mayo Clinic. In attempting to be complete, the authors have not eliminated 
enough of the controversial material and expanded sufficiently upon that which is most generally 
accepted. The book is lucidly presented and well illustrated. It is recommended to all interested 
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in clinical medicine, especially those treating peripheral vascular diseases. Although it is not 
intended for physiologists, it should interest those who wish to become acquainted with the 
expressions of peripheral vascular diseases in man. The primary criticism of the entire book is 
the failure of the authors to be more critical of methods and concepts that are not fully accepted 
in clinical medicine today. Such an approach would be more helpful to the less experienced 
person who wishes to study those disease states. 


Clinical Diagnosis. By Elmer G. Wakefield, M.D. Price, $22.50. Pp. 1605, with 135 illustra- 

tions. Appleton-Century-Crofts Company, Inc., 35 W. 32nd St., New York 1, 1955. 

In this compact volume of over 1000 pages an amazing amount of detailed material is covered. 
Confining himself to diagnosis, the author goes through the body by regions, for example, head, 
scalp, face, parotid gland, lips, mouth, jaws, teeth, and gums. Under each heading many items 
are discussed. In addition, under the heading of “the body as a whole” are taken up a variety of 
topics such as the constitution, infectious diseases, the allergic states, trauma, physical and 
chemical agents, etc. The book can not fail to be of use for quick reference. Here are excellent 
bibliographies and there is an index 


Diabetes Mellitus: Objectives and Methods of Treatment. By Henry T. Ricketts, M.D. 
Price, $3.25. Pp. 123. Charles C Thomas, Publisher, 301 E. Lawrence Ave., Springfield, 


Iil., 1954. 


This little monograph of 120 pages has been written by a man who is thoroughly versed in 
the treatment of diabetes and who, in addition, is an excellent teacher. He would be the first 
to acknowledge that there is no such thing as THE treatment of diabetes. What he is describing 
is A treatment, and a very excellent one. Any physician who follows these principles will be 
bringing excellent care to his patients, and any patient who will cooperate with such a 
physician should be rewarded with an essentially normal, if somewhat disciplined, existence. 


Drugs in Current Use, 1955. By Walter Modell. Price, $2.00. Pp. 147. Springer Publishing 

Company, Inc., 44 East 23d St., New York 10, 1955. 

This book lists all drugs in present use, including holdovers from the recent and remote past 
and new drugs. It is planned to revise it yearly. A physician’s armamentarium of drugs is a 
fairly individual thing. Therefore a book such as this must be fairly complete and contain 
considerable information. This book does not quite measure up to that standard and certainly 


cannot replace large standard volumes now in use. However, it may be helpful to some people. 


Sandoz Atlas of Haematology. Price, $7.00. Pp. 91, with 256 illustrations. Sandoz Pharma- 
ceuticals, Division of Sandoz Chemical Works, Inc., 68-72 Charlton St., New York 14, 1952. 


The first edition of Sandoz Blood Atlas was printed in 1949. This second edition represents 
revision and enlargement of the first edition. Thirty-four new illustrations, containing seventy 
separate photographs, have been added. It is again divided into three parts. Part I covers the 
basic principles of hematology and hematological technique. Part II is devoted to a description 
of the blood cells and their development. Part III contains 256 illustrations of normal and 
pathological hematological states. This is an excellent and adequate reference book for both 


general practitioners and specialists. 
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order now 
Ph PRR eeReeeeeeeeeeeeef 


I enclose $...... for the number of pamphlets I have indicated below. 
—— HOW YOU CAN JUDGE A RESTAURANT, 10 CENTS ——THE COMMUNITY SWIMMING POOL, 15 CENTS 
THE WEATHER AND YOUR HEALTH, 15 CENTS AIR CONDITIONING, 15 CENTS 


——LET’S BANISH RABIES, 10 CENTS ——ROADS TO RELAXATION, 10 CENTS 





NAME 





STREET 


cITY ZONE STATE 








AMERICAN MEDICAL ASSOCIATION 
535 NORTH DEARBORN STREET 
CHICAGO 10, ILLINOIS 





To check 
faite 
constipation 


a 


restore 


HABIT TIME 


of bowe ovement 


Philadelphia) 2, Pa 


Bottles of 1 pint 


PETROGALAR 


{queous Suspension of Mineral Oil, Plain 


The “well-informed” patient can help you, by 
helping himself. For reliable information on this subject, 


HEAR i have your patients read: 


HEALTHY HEARTS 
A collection of Hygeia articles: The War Against Heart Dis- 


DISEASE eases Still Rages, Hearts in the Breaking, Preventing Heart 
Attacks, Heart Diseases of Middle Life. 


20 pages, 20 cents 





STROKE 
In relation to overweight, hardening of the arteries, high blood 


QAHh indiscriminate pressure, blood clots, diabetes. 
by William W. Bolton 
8 pages, 15 cents 


Aille ¥, HEART ATTACK 


Covering types of attacks, symptoms, relief and heart diseases. 
by Walter Modell 
12 pages, 15 cents 


touching 


A KITCHEN FOR THE “TAKE-IT-EASY” COOK 


Designed for the cardiac housewife, but the work-saving ideas 
can be applied in any kitchen. Illustrated. 


the young by Anna May Wilson 


16 pages, 20 cents 


Or old WRITE To: 
BUREAU OF HEALTH EDUCATION 


AMERICAN MEDICAL ASSOCIATION 
535 NORTH DEARBORN - CHICAGO 10 





Two articles in the April 30th issue of The Journal of the AMA#:2 report on... 


an entirely new tranquilizer 


with muscle relaxant action 


Miltown 


meprobamate 


2-methyl-2-n-propyl-1, 3-propanediol dicarbamate 


unrelated to chlorpromazine or reserpine— 


proved effective in 


ANXIETY, TENSION and MENTAL STRESS 


@ No autonomic side effects. 
@ Well tolerated. 

@ Not habit forming. 

® Acts within 30 minutes. 


@ Effective over a period of 6 hours. 


*Miltown . . . is a practical . . . and clinically 

useful central nervous system depressant. It is 

not habit forming. Miltown is of most value in 
DOSAGE: the so-called anxiety neurosis syndrome, especially 
One or two tablets when the primary symptom is tension . . . Miltown 
three times daily. is an effective dormifacient .. .’’ 1 


1. Selling, L.S.: J.A.M.A.1657: 2. Borrus, J.C.: J.A.M.A. 157: 
1594, 1955. 1596, 1955. 


A product of original research by 
WALLACE LABORATORIES 
Division of Carter Products, Inc., New Brunswick, New Jersey 


REPRINTS AND SAMPLES AVAILABLE ON REQUEST 

















REDUCE MORTALITY 


in Myocardial Infarction 
with Severe Shock 


: "Sinduce ? 





LEVOPHED* 


the most powerful pressor antidote for shock 


Levophed bitartrate 0.2% solution 

in ampuls of 4 cc., boxes of 10, to be 
administered in 1000 cc. of 5% 
dextrose solution in distilled water or 
5% dextrose in saline solution. 





J 


New Yorn 18, N.Y. Winosor, Onr. 


Write for detailed literature. 


Levophed, trademark reg. U.S. Pat. Off., 
brand of levarterenol 














